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HEALTH OF MUNITION WORKERS COMMITTEE. 



The Committee were appointed by the Minister of Mumtions, with the concurrence 
of the Home Secretary, " To consider and advise on questions of industrial fatigue, Hours 
of labour, and other matters afiecting the personal health and physical efficiency ot worKers 
in munitions factories and workshops." 

The members of the Committee are : — 
Sir George Newman, K.C.B., M.D. (Chairman). 
Sir Thomas Barlow, Bart., K.C.V.O., M.D., F.R.S. 
Gr. Bellhouse, C.B.E., Factory Department, Home Office. 
Professor A. E. Boycott, M.D., F.E.S. 
J. R. Clynes, M.P. 

B. L. CoLLis, M.B., Factory Department, Home Office. 
Sir Walter M. Fletcher, K.B.E., M.D., F.R.S., Secretary of Medical Research 

Committee. 
Leonard E. Hill, M.B., F.R.S. 
Samuel Osborn, J.P., Sheffield. 

Miss R. E. Squire, O.B.E., Factory Department, Home Office. 
Mrs. H. J. Tennant, C.H. 

E. H. Pelham (Secretary). 

The following Memoranda have now been prepared by the Committee : — 

No. 1. — Sunday Labour. 

No. 2. — ^Welfare Supervision. 

No. 3. — Industrial Canteens. 

No. 4. — Employment of Women. 

No. 5. — Hours of Work. 

No. 6. — Canteen Construction and Equipment. (Appendix to No. 3.) 

No. 7. — Industrial Fatigue and its Causes. 

No. 8. — Special Industrial Diseases. 

No. 9. — ^Ventilation and Lighting of Munition Factories and Workshops. 

No. 10. — Sickness and Injury. 

No. 11. — Investigation of Workers' Food and Suggestions as to Dietary. (Second 
Appendix to No. 3.) 

No. 12. — Statistical Information concerning Output in relation to Hours of 
Work. 

No. 13. — ^Juvenile Employment. 
No. 14. — Washing Facilities and Baths. 
No. 15. — The EfEect of Industrial Conditions upon Eyesight. 
No. 16. — ^Medical Certificates for Munition Workers. 
No. 17. — Health and Welfare of Munition Workers outside the Factory. 
No. 18. — ^Further Statistical Information concerning Output in relation to 
Hours of Work, with special reference to the Influence of Sunday 
Labour. 

No. 19. — Investigation of Workers' Food and Suggestions as to Dietary. (Second 
Appendix to No. 3. Revised edition.) 

No. 20. — ^Weekly Hours of Employment (Supplementary to Memorandum No. 5). 
No. 21. — An Investigation of the Factors concerned in the Causation of Industrial 
Accidents. 

Interim Repoet.^ — Industrial Efficiency and Fatigue. [Cd. 8511'.] 
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Memorandum No. 21. 



Health of Munition Workers Committee. 






AN INVESTIGATION OF THE FACTORS CONCEENED IN THE CAUSATION OF 

INDUSTRIAL ACCIDENTS. 



To the Rt. Hon. Winston Churchill, M.P., Minister of Munitions. • 
Sir, 

Tlie Committee beg to submit for consideration a Report by Dr. Vernon on certain 
inquiries made by lum into the causation of Industrial Accidents. In tlie course of Ms 
investigations he analysed about 50,000 accidents. The resulting information is, in the 
opimon ot the Committee, highly important and suggestive, and merits close consideration, 
ihe Report is the more valuable in that so far as the Committee are aware no similar 
mqmry has hitherto been undertaken, at any rate in this country. 

Signed on behalf of the Committee, 



GEORGE NEWMAN, M.D., 

Chairman. 



E. H. Pelham, Secretary. 
February, 1918. 



AN INVESTIGATION OF THE FACTORS CONCERNED IN THE CAUSATION 

OF INDUSTRIAL ACCIDENTS. 

By H. M. Veenon, M.D., Fellow op Magdalen College, Oxfoed, and Univeesity Lectuebe in Chemical 
Physiology, Assisted by W. Neilson Jones, M.A., Lectuebe in Botany at Bedford College, 

London.* 
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* In this investigation W.N.J, was responsible for the direct determinations of output in women turning 
fuse bodies and in men sizing fuse bodies, and for tabulating a seventh of the accident data, but owing to his 
taking up an appointment with the R,?r.A.S. as Lieutenant R.N.V.R., he had to relinquish the work and 
H.M.V. completed it alone. Property of 
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Introduction. 

Of recent years the causation of industrial accidents has b^^? ^f^^ff f l^^^Xi^S'Tc'ddS^^^ increases 
mining their hourly incidence,* and it has been found almost iii^^^i^^^y.*^"?^ ,^^^ or last hour but one of 
rapidly during the course of the day's work, and reaches i*^ maximum m the lastno incidence occurs 

the morning Ipell of work. It is frequently but not invariably found that ^J^^rs Jo conclude that fatigue 
in the afterLon speU, and these and other considerations have led most ^.f J^^Stlar^ough extremely 
is by far the most important factor concerned in acciden^ causation. ^''\^^l^''^'^'7orieUU with :the corre- 
numerous, aU without, exception sufier from one fatal de ect. TW>are m^noxase^corre^atea^ ^^^ 
spending output data. It is true that data showing hourly variations "* °^*PJ^^^T^fg^^e types of industry 
ently, but not on any considerable scale, and they do not for the most Pf J^^^*! *°X^ concerns 

as the accident data. Another serious defect present in aU the accident ^ata hith^o p^^ 
their method of tabulation. If the spell of work be from, e.g., 1 to 12, ^"^^ f^l^^^^ll TJ^^S^^^^^ no work- 
according as they occur from 7 to 8 (or 7 • 59), 8 to 9, and so on, oblivious of the fact ^Jf .P^^^J^Je down, 
man begins^his wU at the nominaLstarting time. ;He,usuaUy tates.ajout ^^^^'^^'^^^f^""^^^^^ M^t 

or the accidents occurring in the first hour relate to.abqut three-quarters of an hour of g^™T°2ably do 
workmen also slack off a few minutes before the end of the nominal stopping time and almost mvm^^^ 
so before the end of the afternoon spell. Hence the only safe plan is to cut off the ^^f^^^^'^^^fj^^^^ 
hours of each work spell, and consider as genuine only the number of accidents occurring m the mtermeaiate 

hours of fuU work. . j _ „ 1J„„ 4v, +1,0 fort, t.hat 

Another serious defect.to which mostaccident data are liable m greater or less degree hesm tie tact that 

the time of treatment of an accident does not necessarily correspond to the time of its °''<'^^'l°^^-^^f2 anv 
largely overcame this source of error by confining himself to accidents severe enough *« Fevent any 
work for the next 15 days or more, but such accidents occur so infrequently as to ^\J^Y iTr^^L^A 
collect in suffiqient. numbers ,for stati^tiQal purposes. In the present investigation, the defect mentionea 
has been overcome to some extent .by classifying different type? of accident sep^ra*©iy. ^^^ most 
suitable type of aoQideht is that in which foreign bodies,. such as .small particles of pietal ana.emCTy, 
lodge in the eye. A preUmi'nary attempt at removal by a friend is often made in_ the wor|8nop, 
but if this fails, the sufferer comes ahnost at once to the dressing .station to have it removed, ana 
it is very seldom that he comes again for a second treatment. Eye .accidents are not very numerous, and 
for most statistical purposes have to give way to,outs. These occur with, extreme frequency m-most enpneeriBg 
shops, and in that they bleed and become a nuisance, they generally compel the sufferer to come for treatment 
almost at once. Cuts generally need two or three re-diessings, so it is very important that the nurses should 
LQvariably recqrd whether .each case is a " first dressing " or not. Of other accidents, burns are generaUy 
treated soon after they occur, but by'no means always. Most unreliable of all are muscular strains and sprams, 
for it appears to, be the rule rather than the exception for a sufferer to postpone a visit to the dressing station 
for hours or even days. In order to obtain an idea as to the times at which the workers prefer to conae to 
the dressing station, septic cases and other previous injuries, when dressed for the first time, have been tabulated 
separately. 

No previous investigators appear to have allowed for any delay at all between the time of occurrence of 
an accident and the time of its treatment, though a few minutes must inevitably elapse. As the result of 
consultation with the nurses I have assumed that this time averages 5^ minutes, or that accidents occurring 
between, e.g., 7.30 and 8.30 would not bedressed and recorded by the nurse until 7.36 to 8.35. I am inclined 
to think that the time allowed is a minute or two too short, but the error is not large, and in any case it neces- 
sarily varies in different factories. 

Sources of the Acoeoent Data, 

AU of the accident and output data to be described were obtained at four munition factories. At factory 
A they were tabulated for 25J consecutive months, during the first three of which the total number of workers 
averaged ^feout .6,QQ0, ,and during the remainder of ithe time, over ;9,JQQ0. Half to two-,thiids of these workers 
were women, ,8^4 m(;{&t .pf tjiem. were making and loading ti^e fuses, biutabout an eighth of lihem were engaged 
on brass cartridge cases for small shells (chiefly 18 lb.). At the other three factories the data were tabulated 
for 9| to 13 months. At factory B, which was confined exclusively to the manufacture of 6-inch H.E. shells, 
there were about 2,100 workers. Two-thirds of them were men at the outset, but by the end of the statistical 
period they had dwindled to a third. At factory C, which was confined exclusively to the manufacture of 
9-2-inch H.E. howitzer shells, there were about 1,700 workers, of whom four-fifths were men at the beginscumg 
of the jstatistical period, but wornen were gradually substituted and at the end formed nearly ^ half. At factory 
D, 9 • 2-inch and ] 5-inch shells were made, and of the 2,300 workers about three-fourths were men at the aatset, 
and rather more than halt, later on. 

The accident data at factory A were exceedingly well kept, as the Jime of dressing of fi^ach case was 
invariably noted, and special care was taken to designate correctly .all the first dressings. At- factories B and 
C th^ nurses were not so careful about noting the first dressings, ;and probacy aom«thing like a third of the 
cases recorded as first dressings were really second or subsequent dressings. Neveribheless, by allowing for this 
error these data have yielded valuable results. At factory D the times at which the ac^demts occurred were 
not always noted sufficiently carefuUy, but the first dressings were recoaded correctly. 

Factory A was erected shortly after the war began, but as it was fin exteasion from an old and well-estab- 
lished firm it got into thorough working order by July, 1915, and tjaere was very little change in the conditions 
of production from that time forward, except in respect of the hours of work. Factory C was erected con- 
siderably later, but by October, 1916, it had reached an output only 20 per .cent, less than the level it attained 
in Jaifijary, 1917, and which it kept from that time forward. Factory B worked up to its maximum by October 
1916, and kept a level output until March, 1917, when a re-arrangement of the plant threw it back for two 



* For a nummary of i\^s,p investigations, see Report o£ Gfiimmittee oy\. " FfliigMB from the Econoraio Staad- 
poifi|;." flrit. Assn. Reports. 1915. p. 283 ; also " The Case for the Shorter Work Day." Matioaa.1 Con^ 
sumers League, New York, 1915, Vol. I, p. 360. 

f Bogardus, American Journalfof Sociology, November, 1911. 
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Marrh 1 qi 7 ^^f soon exceeded its previous maximum. Factory D did not rcacli a steady output Bntil 
;ia^!^'i; ' ^° "^""^^^ later (^.e., for tke last three montks of the statistical period) its .plant was re- 

?ntl W ff^'^'^Ti"^^ P^^""*- ^°'* °* *^^ ^^^^^'^^ ^* imtonea A, B and G were paid at individual .piece 
Ln+Lr -^ !^ at factory D were paid at a time rate, together with a bonus on the collective, outp-rt. of the 
lactory. lactones B, and D are all situated in the same district, within four miles of, each other, whilst 
factory A is in a different locahty. The total number of accidents and medical cases tabulated at *he various 



Factory A 
„ B 
„ C 
„ D 



Accidciiis. 


Medical Gases 


23,M-2 


3,361 


10,627 





10,560 


370 


5,^64 






Total 



50,093 



3,731 



The Factors concekned in Accident Production. 

Next to the factor of fatigue, speed of production is regarded by several investigators as the most important 
contHbutory cause of accidents, and I have come to the conclusion that speed of production is the essential 
factor m accident causation which can never be neglected. Its actiondepends especially on the degree of nervous 
and muscular co-ordination possessed by the worker, and on psychical conditions such as his alertness and 
attention. 

The various factors concerned in accident production may be classified under two main headings, aecrarding 
as they depend on the worker himself, i.e., are of personal origin, or depend on external conditions not directly 
under his control. 

Factors of personal origin — 

I- — Nervous and muscular co-ordination in relation to speed of production. 
II. — Fatigue. 

III. — Psychical influences. 
IV. — ^Nutrition and alcohol consumption. 

Factors of external origin — 

V. — Lighting. 
VI. — Temperature, humidity and ventilation. 
VII. — Defects of machinery, and absence of guards. 



Accidents in Relation to Speed of Production. 

Hourly Variations of Accidents and of Output. 

The accurate determination of the hourly variations in the output of a factory is much more difiicult 
than the i&vestigation of the accident incidence, and it was practically impossible to determine it every 
day over the period of months or years for which the accident data were collected. It will be seen, however, 
that output observations made at intervals of several months agreed very closely with one another, and so 
afforded an approximate index of the average output variations of the whole period. 



Fig. 1. — Output, of Fuze Bodies. 
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Output variations were investigated in all four factories by the indirect method, first used by Abbe, of 
taking electric power consumption records, but such records were shown to be vaM by l^Xi.fT^rZ^l 
investigations made at factory A. The power suppUed to each of the numerous sections at this t^cto^ was 
registered by a separate watt-meter, and in one of these sections seven-eighths of the operatives were yo^King 
with lathes of identically the same pattern upon the same operation. This operation consisted i^ ™^g 
aluminium fuse bodies by means of capstan lathes, and there were about 170 women engaged on ir. xne 
energy required to drive the shafting and the lathes could be determined with moderate accuracy, lo^^ i«J^^^ 
the custom to leave all the lathes running continuously unless they were entirely out ot "se, and tney were 
not stopped when a fresh fuse body was clamped in or removed, or when the operative rested, iiie macmnery 
was started a few minutes before nominal starting time, and as the operatives were always slow m settling 
down to work there was an interval of about eight minutes during which the electnc power was employed 
solely in driving the shafting and the lathes. Then the power suppUed mounted up as the operatives graduauy 
got going, and reached its fuJl value when they were aU at work, about 20 minutes after nominal starting time. 
Hence the excess power load over and above that required to drive shafting and lathes was a measure ol tne 
output of the whole section, and in Fig. 1 is shown the average excess power load as determined during Hve 
days (M., T., W., Th. and F.) lying between April- 13 and June 7, 1916. The direct output of smaU groups 
of women was counted on each of six days spread over the same period, though not always on the same days 
as those for which the power records were taken. Altogether the output of 43 women was counted {i.e., tor 
one day each), and their average output is shown as a dotted line in Fig. 1. The average hourly output over 
the whole day was taken as 100, and a comparison of the two curves shows that the hourly variations corres- 
pond fairly well throughout the day. The only considerable difierence in the curves occurs between 11.30 
and 12.0. The explanation of this difference depends on the fact that most of the workers were found to 
knock ofi work 3 to 5 minutes before the nominal stopping time, and so to lower their output during this half- 
hour period, whilst the individuals whose output was being counted worked on to the end, as they knew they 
were under observation. It follows, therefore, that power records afford a more reliable guide of output than- 
direct observations, as it is impossible to avoid completely the influence of the observer on the worker. They 
are like-wise very much easier to obtain. 

In factory A the power supplied to the different sections (as distinct from the lighting current) was regis- 
tered by 22 separate watt-meters, but as a rule only seven of these were read. In that nearly all of the accidents 
to be described were incurred by workers using lathes and drills, the meters registering the current to these sections 
of workers were chosen, and the excess power load curves given in the lower part of Fig. 2 represent the output 
variations of over two-thirds of all the lathe and drill workers in the factory. One set of observations was 
made in January, 1917, and another set in July, 1917. The meters were read on three consecutive days and 
three consecutive nights, and the relative hourly output variations shown by each of seven meter records 
calculated on an average value of 100. Then these 21 sets of relative values were averaged, and these grand 
average values are reproduced in Fig. 2, and quoted in Table I. A comparison of the winter and summer 
curves shows a close correspondence both for day and night shifts, whilst the day shift values correspond well 
with those obtained for the same sections during April to June, 1916, as can be seen from the Table. Hence 
it follows that the hourly variations of output remained nearly constant from April, 1916, till July, 1917. 



Table I. — Mean Output of Lathe Sections. 



Time. 



Day Shift. 



April to June, 
1916. 



Jan., 
1917. 



July, 
1917. 



Night Shift. 



Time. 



Jan., 
1917. 



July, 
1917. 



7.0 to 7.30 ... 
7.30 to 8.30 
8.30 to 9.30 
9.30 to 10.30 
10.30 to 11.30 
11.30 to 12.0 

1.0 to 1.30 
1.30 to 2.30 
2.30 to 3.30 
3.30 to 4.30 
4.30 to 5.30 
5.30 to 6.0 



50-8 
99-4 
110-3 
111-1 f 
112 -SJ 
98-1 



.1 



108-4 



69-9 
107 
104 

106-3 f 
108 -3J 
60-7 



'■51 
t-2L 



106-6 



55-4 
101-01 
106-1 L107.3 

111-6 r 

110 -5 J 
98-6 



86-1 
109-5 

104 -4J 
53-7 






56-9 
102 •5"! 
104-7 t 
109-3 f 
111-oJ 
102-2 



106-9 




6.30 to 7.0 
7.0 to 8.0 
8-0 to 9.0 
9.0 to 10.0 
10.0 to 10.30 

11.30 to 11.45 
11.45 to 12.45 
12.45 to 1.45 
1.45 to 2.45 
2.45 to 3.0 

3.30 to 3.45 
3.45 to 4.30 
4.30 to 5.15 
5.15 to 6.0 
6.0 to 6.30 



56-6 
99-9 "] 
105-1 ^104-1 
107 -3j 
100-1 




109-0 
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Table II. — Output of Individual Sections. 



Men Tool- 
making. 



Men 

Controlling 

Automatic 

Machines. 



Men 

and Women 

Turning 

2-lb. 

Shells. 



Women 

Turning 

Brass Time 

Fuses and 

Primers. 



Girls 

Drilling and 

and 

Finishing 

Fuse Rings. 



Women 

Turning 

Brass Fuse 

Rings and 

Fuse Bodies. 



Women 

Turning 

Aluminium 

Fuse 
Bodies. 



7.0 to 7.30 
7.30 to 8.30 
8.30 to 9.30 
9.30 to 10.30 
10.30 to 11.30 ... 
11.30 to 12.0 

1.0 to 1.30 
1.30 to 2.30 
2.30 to 3.30 
3.30 to 4.30 
4.30 to 5.30 
"5.30 to 6.0 

Increase of output 
between 1st and 
3rd or 4th hours 
of morning speU 




107 •7J 
103-5 

90-2 
111-5"] 
103-8 1^ 
104-0 f 
103 -7J 

50-2 



105-7 



3 per cent. 




87-0 
108-71 
108-1 t 
105-7 f 

98 •8J 

48-8 



105-3 



3 per cent. 



52 
105 
105 

110-1 f 
113 -SJ 

94-6 



i-8^ 
i-4L 



108-6 




7 per cent. 



59-6 
100-5 
104-9 
110 
111 
107-2 



:1 



106-6 



64-4 
100-4 
104-9 
112-1 
111-5 




11 per cent. 



107-2 



97-8 




12 per cent. 



49-9 
97-7^ 

104-3 

111- 

111- 
95-8 



a 



106-2 



85-0 
110- 
105- 
108-5 
112-2^ 

46-0 



::a 



109-2 



14 per cent 




104-9 



78 
108 
102 

103-1 f 
109 -7j 

76-1 



5-7^ 
J-4l 



106-0 



21 per cent. 



The hourly output variations in the individual sections corresponded fairly weU with one another, as can 
be gathered from Table II, which shows the averages of the January and July values for the day shift. In the 
morning speU the output was always, with two minor exceptions, at a minimum during the first full hour of 
work, and rose gradually to a maximum in the last or the penultimate hour. The actual amount of increase 
was very small (viz., 3 per cent.) in the two sections run entirely by men, was moderate in the mixed section, 
whilst in the women's sections it varied from 11 per cent, to 21 per cent. In the afternoon spell the output 
in all sections was always at the maximum, or very near it, in the first full hour. Then it suddenly fell to a 
TniTiiTnmn in the women's sections, and rose again in the next two hours and attained a secondary or an actual 
maximum in the last hour. 

The small increase of output (viz., 3 per cent.) observed in the two men's sections gives an erroneous idea 
of the degree of speeding up usually observed in men during the morning spell. In these same sections the 
mean rise observed during the April-June, 1916, observations was 17 per cent in the tool makers and 4 per 
cent, in the automatic machine controllers, whilst in the mixed section, which at this period was entirely a 
men's section, the rise was 13 per cent. Again, direct output observations were made upon 16 men (four on 
each of four days) engaged in the strenuous operation of sizing aluminium fuse bodies. The mean hourly 
output of these men in the four full hours of work of the morning spell was 93-5, 103-6, 116-3 and 113-5, or 
showed a 24 per cent, rise between the first and third hours. In the afternoon spell it was 112-9, 95' 8, 96-8 
and 111-9, or showed similar variations to those observed in most lathe sections, though on a more considerable 
scale. 

The accident records at factory A can conveniently be split up into four main groups, as follows :— 



Date. 



Duration 
of Period. 



Average Weekly Hours of Work. 



1. Nov. 2, 1915, to Jan. 31, 1916 ... 

2. Feb. 1, 1916, to July 24, 1916 ... 

3. July 25, 1916, to April 1, 1917 

4. April 2, 1917, to i)ec. 15, 1917 



Months. 
3 
6 

8 
8* 



and 



75 hours for day shift (including Sunday labour). 

64^ hours for day shift (including Sunday labour) 

62 J hours for night shift. 
58| hours for day shift (no Sunday labour) and 62| hours 

for night shift. 
54| hours for day shift (no Sunday labour) and 62| or 

60 hours for night shift. 



In the first period there was no night shift, but most of the day shift worked 77i tours per week except 
in the second week of each month, when they were absolved from Sunday labour or worked 69 J hoins a week^ 
Hence thev averaged about 75 hours a week; or a time Hke y to induce considerable ^^^^S'?^- /'^^y XtWe 
working these long hours for several months before the statistical period. ^°f /^^^^^^^^ ^ V^^/^^' "^.^^^^^ 
was a Sght shift as well as a day shift. The day shift workers put m 66J hours, ^f'^fl^^^^^^^^^Z 
week of Lh month they escaped Sunday labour or worked for 58| hours. The ^g^J slf gho ch^ng^ 
over to day shift in alteLte ^ort^^^ft -g^^as a^^^^^^^^^^ IVom August 7. 1916. onwards 
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Sunday labour ■w;as abolished, or in period (3) the day workers usually put in 58^ hours a week. After May 6, 
1917, Saturday afternoon labour was abolished, or the day shift worked 54^ hours a week, and after October 5, 
1917, the night shift worked 60 hours instead of 62J hours. Period (4) is taken to begin on April 2, instead of 
|Cay 7, as this date marks the drastic reduction of alcohol consumption enforced by the Government. 

In Table III is recorded the hourly incidence of cuts, calculated per 10,000 lathe workers per week. In 
that thousands of the workers at the factory were occupied in gauging and assembling fuse parts, and in 
'fining the fuses, i.e., in operations at which they would scarcely ever cut themselves, it would give a very 
erroneous impression if they were included with the workers using lathes, drills and other machines with 
cutting tools. Hence the numbers of workers in the sections engaged in these types of labour were ascertained 
every week, and averages taken. 

The total number of cuts recorded in each statistical period is given at the bottom of the Table. AU the 
values quoted have been calculated as cuts per hour, i.e., the number of cuts dressed from 7-6 to 7-35 is 
multiplied by 2, and so on. The night shift worked for spells of 4, Z\ and 3 hours, but by substracting only 
a quarter of an hour at the beginning and end of the middle spell instead of half an hour the accident incidence 
for the three complete intermediate hours was determined. In the third spell the accidents were counted 
for a preliminary J hour, a final ^ hour (for many night shift workers began to knock ofi work 20 minutes 
or more before the end), and for three intermediate f hour periods. 



Fig. 2. — Hourly Variations of Accidents and Output at Factory A. 
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It will be seen from the Table that the accident data in periods (2) and (3) correspond closely as a rule, 
so in constructing the curves shown in the upper part of Fig. 2 these data have been averaged, or curves are 

given for what may be termed : 

(a) The 1915 fatigue period of 75 hours a week (day shift). 
- (6) The 1916 intermediate period of 64^ and SSJ hours a week (D.S.) and 62^ hours (N.S.). 

(c) The 1917 reduced alcohol period of 54J hours (D.S.) and 62^ hours (N.S.). 

Of the day shift curves, those for men correspond fairly well in the morning spell, the accidents increasing 
rapidly from hour to hour till they reach a maximum in the last (or penultimate) hour of full work. This 
maximum is 2-2 to 2-7 times greater than the number of accidents treated in the first hour. The women 
showed a more rapid increase of accidents than the men, their last hour values being 3 -3 to 3-5 times greater 
than their first hour values in periods (6) and (c), but no less than 5-3 times greater in period {a). The very 
rapid increase shown by the women in period (a) is due largely to fatigue, and wecan see from the curves 
that in the afternoon spell the accg^^|^g^lig0^t *^|^^^^^us as m periods (6) and (c). During 
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the course of the afternoon speU the accidents to women remained nearly stationary during periods (6) an 

(c), but those to men fell gradually in periods (a) and (6), but rose gradually in period (c). r^Mimit 

It will be seen that the accident curves show a considerable qualitative <'<?^^?'e°f^'TJ^t\h^lTIZ 

curves reproduced in the lower part of Fig. 2. It is very far from being quantitative, tor aunng ine im g 

speH the output increased only 10 per cent, between the first and last full hours, if a mean be ^^^^^ ""^^ 

May (1916), January, and July (1917) data. In the afternoon spell the output was much ste^^^^J ™ '^ 

the morning, and was at a lower level than that observed during the last two hours of the morning speu, or 

in both these respects corresponded well with the accident incidence. „T,r,wTi W 

When we pass to the night shift accidents we find an entirely difierent incidence from that saown oy 

the day shift. Roughly speaking, the accidents attain their maximum at the beginning ottne sninaziu 

dwindle down more or less steadily the whole night through, till they are reduced to about ^^^* «^;^°"?r^^ 

the number in the last (or penultimate) hour of the third spell of work. This steady falling ott oi acciaeros 

is shown best in the men during period (6). When we turn to the night shift output curves we Una ^^^at loi 

all but the last fourth of their duration they correspond closely with the day shift curves. Hence at nrsi; si^nt 

there appears to be little or no correspondence between the output and the accident curves ot tte mgnt smit. 

The causes of this discrepancy are mainly psychological, and they must be described m some detail as tney are 

of vital importance in the explanation of almost all accident data. j /i • 

To explain the psychical factors, attention must first be called to the middle pair of curves reproaucea in 

Fig. 2. These curves show the incidence of accidents incurred one or more days before they were dressea 

for the first time, and they include about 45 per cent, of septic cases (mostly neglected cuts), buppose tnat 

50 workers come to the factory each morning suffering from such untreated injuries. _ The probability is tnat 

half of them— perhaps more— do not attend the dressing station at all, but postpone it to another day. Ihe 

other half, however, attend at times which suit their convenience and their inclination, and it is these times 

which are indicated by the curves in question. They relate to the cases treated, per 10,000 kthe workers 

per week, in the summated periods of July 25 to October 23, 1916, and April 2 to December 15, 1917, tor *^e 

day shift, and from February, 1916, till December, 1917, for the night shift. We see that the women attended 

in rapidly increasing numbers during the course of the morning speU, and from the figures quoted m 1 able IV 

it can be seen that they were nearly three times more numerous in the penultimate hour than m the nrst 

full hour. In the afternoon spell, however, they dwindled rapidly, and in the last hour were not half as numerous 

as in the first hour. Amongst the men the cases fell off likewise in the afternoon spell, but they were fa,irly 

steady during the morning spell. When we pass to the night shift we see that the distribution of the previous 

injury cases was entirely different from that of the day shift. Both in men and women the cases were at a 

maximum in the first hour, and then they fell off steadily and at so rapid a rate that they were only a fifth 

as numerous in the last hour of the shift. That is to say, " inclination " drove the day shift women to attend 

the dressing station towards the end of the morning spell, but drove the night shift men and women to attend 

it at the heginning. Now the number of septic cuts treated at factory A was about a fifth the number of fresh 

cuts, and doubtless there were many more septic and other cuts which never reached the dressing station at 

all. Hence one may assume with some probability that on an average not more than two-thirds of the 

cuts incurred by the workers in the factory were treated as fresh cuts at the dressing station. But if a woman 

suffering from a septic wound felt three times as much inclination to attend the dressing station between 

9.30 and 10.30 as she did between 7.30 and 8.30, one may safely assume that if she incurred a small cut during 

the first hour of the day shift she frequently did not come to get it dressed, whereas if she incurred it during 

the third hour, she generally did come to get it dressed. One cannot similarly assume that because only a fifth 

as many of the night shift women attended in the last hour as in the first hour of their shift they had only a 

fifth as much inclination to attend, because the number of previous injury cases requiring attention was steadily 

dwindling. down throughout the night, but there can be no doubt that both the men and the women had much 

more inclination to attend in the first part of the night shift than in the last part. 

It follows, therefore, that in almost all accident statistics one must make a considerable allowance for 
these remarkable variations in the strength of the workers' inclination, though it is impossible to obtain a 
numerical measure of the extent to which inclination will falsify accident statistics. As regards the " cuts " 
data at factory A, one may say that the increase of accidents shown by the men in the course of the morning 
spell was very little influenced by inclination, but that the increase shown by the women was considerably 
influenced, or that the number of cuts actually incurred hy the women varied less than is indicated by the number 
of cuts treated. Probably the gradual decline in the number of cuts treated during the course of the afternoon 
spell was due in part to diminished inclination. 

The lack of correspondence between output and accident curves of the night shift must be due partly 
to the falsification induced by inclination. Only a half as many previous injury cases were treated between 
11.45 and 12.45 a.m. (i.e., at the culmination of the output rise) as between 7 and 8 p.m. (the time of minimum, 
output), or there was a great decline of inclination. In that the number of cuts treated was about thlee- 
fouiths as great, it is probable that the cuts actually incurred between 11.45 and 12.45 was nearly as great 
as that between 7 and 8. However, there is another and more important psychical factor which has a (£rect 
influence on accident incidence. It depends on the mental equilibrium of the workers. The day shift workers 
come to the factory in a sleepy condition, but brighten up in the course of the day, for they have a few hours' 
rest and enjoyment to look forward to at the end of their day's work. The night shift workers, on the other 
hand, have had their enjoyment before coming on to night shift, and so they start work in an excited state, 
but cabn down gradually during the night as they have nothing but breakfast and bed to look forward to. 
An excited mental state induces carelessness and lack of attention, and thereby increases accidents. Another 
factor which tends to increase accidents, especially during the first spell of the night shift, is the consumption 
of alcohol shortly before coming on to work, and this factor, in conjunction with the psychical factors just 
mentioned, seems sufficient to account for the discrepancy between the day shift and night shift accident curves. 

Further proof of the validity of the inclination factor in most accident data is afforded by a study of 
the incidence of eye accidents, for such accidents are little if at all influenced by inclination. The incidence of 
eye accidents, calculated per 10,000 lathe workers per week, is shown in the first set of curves of Fig. 3 for 
men and women individually, and also as a mean. We see that during the morning spell of the day shift the 
eye accidents increased rapidly and reached a maximum in the penultimate hour, though, as lack of the inclina- 
tion factor would lead us to expect, they did not increase so rapidly as the cuts. The night shift showed a 
very different incidence from that observed for cuts. In fact, the incidence for women corresponds roughly 
to the output curves shown in Fia^2, thou^ H is evidait that thcj^Wntal excitement " factor, and perhaps 
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Fig 3.— Hourly Variations of Accidents at Factory A. 
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tte " alcohol consumption " factor, have exerted some influence. The curve for men shows some correspond- 
ence with the output curve during the second and third spells, but during the first spell it resembles the incidence 
of the cuts rather than the output. This is probably due to the alcohol consumption factor, and to a less 
extent to the mental excitement factor. 

Just the reverse to eye accidents in their reliability are the muscular strains and sprains. It was probably 
the exception rather than the rule for a sprain to be treated at the dressing station immediately it was incurred. 
We find, therefore, that the curve of incidence for sprains approaches closely to that for previous injuries. 
The mean curves are shown in Fig. 3, whilst the individual data for men and women are quoted in Table IV. 
The sprains are calculated per 10,000 factory workers per week, as all the workers were liable to them. If it 
be desired to reduce the cuts, eye accidents and previous injuries data to terms of 10,000 factory workers instead 
of 10,000 lathe workers they must be divided by a factor which is approximately 2 • 6 for the day shift (both 
male and female), 2-1 for the male night shift and 2-7 for the female night shift. 

The burns accidents are likewise calculated per 10,000 factory workers as they were incurred by the 
women loading the fuses (by reason of small explosions) and by men working the muffle furnaces and casting 
fuse parts, as well as by the lathe workers who got burnt by hot metal turnings. They include also burns 
caused by strong acids and alkalis. Burns ailord a less reliable index of genuine accident incidence than do 
cuts and eye accidents, though a more reliable one than sprains. The men, both of day and night shift, were 
particularly liable to postpone attendance at the dressing station tUl the last half hour of the shift, as can be 
gathered from the data in Table IV. Presumably this was because small and hitherto neglected burns became 
more painful owing to the wash which was usually taken on ceasing work. 

Arguing more especially from the incidence of the eye accidents, and to a less extent from the incidence 
of cuts accidents, to which a correction has been applied for psychical and alcohol factors, we are justified in 
concluding that speed of production is a very important contributory cause in determining the frequency of 
accidents. A speeding up of 10 per cent, may well induce an increase of 50 or 100 per cent, in the number 
of accidents, because in most of the small lathe operations performed at a fuse factory this speeding up has 
to be done mainly by a quickening of the rate at which the fuse part is clamped in, or undamped from, the 
lathe, and the rate at which the cutting tools (generally on a capstan) are changed and brought into contact 
with the metal surface. Not much speeding up of the actual cutting operations is permissible, so a given 
speeding up of output means a relatively much greater speeding up of the movements made at times when 
the workers are specially liable to knock their hands against the cutting tools. There was practically never 
any delay, even at the beginning of the shifts, in the provision of material or in getting the lathes into runmng 
order, so the output variations observed in the full hours of work represent genuine differences in the speed 

"^It may be concluded, therefore, that the increase of accidents observed during the course of the morning 
SDeU is due partly to increasing speed of production, and parfiy to increasing inattention arising from 
thoughts of pleasures to come. As will be explained in a later section, the increase m women is also due m 
narttofatigue, but as a rale this factor is of very little importance in men. , ^ , 

The spted of production at Factories B, C and D, as determined by power load observations, was ]ust as 
variable as that at the fuse factory, but mainly for different reasons. In most of the operations upon big 
JheTs very little speeding up is ^^^^^ iM&WMfosdnM' ""*" '" ' " 
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(rough and fine), and for two-thirds to tkree-fourths of this time the operative is passively watching the lathe, 
and even during the remainder of the time exceedingly little quickening is possible. The only substantial 
quickening which can be effected is in the speed of removal of the bored shell and in fixing and starting a new 
one. The variations in speed of production are chiefly variations in the speed of supplying material, in getting 
the lathes started and keeping them running. This point is illustrated by the output curves at the bottom 
of Fig. 4, which were obtained at the 6-inch shell factory (Factory B). One set represent the mean power load 
variations over five consecutive days and nights in August, 1916, when the output of the factory was'gradually 
working up, and was only about half as great as in August, 1917, the time at which the second set of power 
load records was taken. These records are the mean of three consecutive days' readings, and all of them repre- 
sent power consumption apart from that required for lighting purposes. From observations made at factory C 
it was concluded that approximately 60 per cent, of the total power consumption was needed to drive the 
machinery, or that only 40 per cent .of it represented work done in the actual shell operations, so the power 
charts (recorded automatically in the two sections of the works) were subjected to this 60 per cent, deduction 
before averaging them. The excess power load figures are quoted in Table V, and it will be seen that they 
relate to day and night shifts of 12 hours' duration, with IJ hours' deduction for breaks. Between 6.30 and 
7.15 a.m., or the first full period of the before-breakfast spell, the output was only 75 per cent, of the average, 
and that from 7.15 to 8.0 only 85 per cent, of the average. In August, 1917, on the other hand, it amounted 
to 93 per cent, and 102 per cent, in these respective periods, or apparently the workers were able to start much 
more promptly. In the after-breakfast spell the output variations corresponded closely, but those for the 
afternoon spell in 1917 could not be ascertained satisfactorily after 3.30 p.m. as some of the workers had to 
knock off owing to shortage of material. In the first spell of the night shift the output during 1916 was at 
first 7 per cent, behind that observed in 1917, and apparently there was some delay in starting work throughout 
the spell. The curves are not comparable after 3.30 a.m. owing to shortage of material in 1917. 

The times taken to turn and bore 6-inch shells are not quite half as great as those for 9 ■ 2-inch shells, 
nevertheless but little speeding up is possible during the actual operations, or one may conclude that in big 
shell manufacture speed of production is a relatively much less important factor in the causation of accidents 
than it is in fuse manufacture. This view is supported by the accident incidence, for we see from the upper 
pair of curves in Fig. 4, which relate to the cuts incurred over a 9J month period at factory B, that both in 
men and women the accidents remained fairly steady throughout the day. The extreme values varied only as 
1 to 1-6 in the men and as 1 to 1-3 in the women, whilst at the fuse factory they varied as 1 to 2 -2 in the 
men and as 1 to 3-9 in the women. Such variations as they did undergo were due mainly to the influence of 

Fig. 4. — Hourly Variations of Accidents and Output at Factory B. 
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inclination coupled with the fact that some of the cuts (probably nearly a third) were not first dressings 

a thirl » nmnerous in fte women, rre™™ PJ"^ °^'? Se Jlen ta tev»"f . considerable correction 
original nnmber in the men and to a »™,t'',''f"i °T'™!^J°S™ th.7 would still show a rapid 

be made to the cntB data on the line, indicated ^7 ''''*• P^™™SiJ fte fan ioidd be mote rapid than 

ran a risk of cuts from tools or bom[^0m^%y MiCrOSOft® 
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in A^Vr^iqTY^piSS^ 9-2-inch projectile factory) the power load records were taken for 48 consecutive hours 
req W t^ mn tL i!^^-'' '"^ ■^'Tv'^^ ^f ^•. '^^'^ ^''' ^^^J^°*«<i *° ^ 60 per cent, deduction for the power 
wSe sh^s tnTnt?:"^- J^'l f^'^fT T' ^^'^ ^^ ^^"^^^g *^« watt-meters at 2i-minute intervals 
rnsecutive davf^^^ ^ t n ^■'"^ ^''°''M °^ ^°"^' ^^<^ ^^^'""^ ^"^ ^^'^'^^g^ °f *1^<^ readings made on five 
were dSerentTl,rl ^^ ^""j"^ 1° *^' ^"^* *^"* *'^<^ ^^"^ *™^^ ^^ *^« *^° "^^i^ «tops at the factory 

the time Svi%?.rH'.H°'^r^ '^I whole factory was on full work could be ascertained only for 

curvl fndtatl I 11.7 ^^'f^ f ^ T^l'^^^ ^^^ ''^'^^^^ ^^^^^ ^ f^i^ correspondence, but the night shift 
War^ ^ """^P^* throughout the night in August, but a gradual rise of output in 

l,m Jn? T'tf^ !r°"^' """'^ tabulated for a ten-month period (July 9, 1916, to May 12, 1917), when the 

lT2^mLZ^:^ZT: V" ' ^^1 '^''^ ""1^ *° ' (^^^^* sluft),whilst those for' the w;men were 
6 to 2 p.m. morning shift), 2 to 10 p.m. (afternoon shift), and 10 to 6 a.m. (night shift). Subsequently the 

aTvTr.l ^wT' "tf' '^' '^r ^'' ^°"^^^ ^^^ ^«^- Tte data obtained are recorded in Tabks VI 

,nlwwV r^ 7 ?f^ f^^'""^^ ^* ^'?*°'^ ^- ^^' *™^« °f *1^« «P«11« ^* t^iese two factories differed 

rZ^Zif f . n ^-^^ *-'^'', ^"^^^'f '^ *^' ^^^^^^' ^^^^ ^^« *^« ^^^'^t t™e« f°^ factory D, only hold 
roughly for factory C. The incidence of cuts in men at factory C is somewhat similar to that observed 
at factory B, but it is more watered down by the inclusion of re-dressings. The number of previous injury 
cases at factories G and D was rather small, so the data have been grouped together, and they are quoted in 
lables VI and Vli as actual cases treated, and not as cases per 10,000 workers per week, like the cuts The 
range of variation m the cuts was as 1 to 1-5 for the day shift, and as 1 to 2-1 for the night shift The 
women showed more variation in the number of cuts in their shifts, the range being as 1 to 1-6 for the 
morning shift 1 to 2-2 for the afternoon shift, and 1 to 2-4 for the night shift. The previous injuries have 
been averaged mth the similar cases of factory D, and the range of these combined values is as 1 to 3-1 for 
tlie morning shift, 1 to 5 -2 for the afternoon shift, and 1 to 10-3 for the night shift. These ratios, together 
with the general similarity between the incidence of the cuts and the previous injuries, indicate that the 
variations observed are mainly due, just as with the men, to the inclusion of other than first dressings, and 
the operation of the " inclination " factor. 

Fig. 5.— Hourly Variations of Accidents at Factory D, and of Output at Factory C. 
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From Fig. 5 it will be seen that the incidence of cuts in men at factory D (9 • 2-inch and 15-inch projectiles) 
resembled that observed at factories B and C. The extreme values vary as 1 to 1 • 5 for the day shift and as 
1 to 2-0 for the night shift. In women the values varied as 1 to 1-6 for the morning shift, as 1 to 2-4 for 
the afternoon shift, and as 1 to 1 -9 for the night shift. These factory D data are more reliable than those of 
factory C, and probably rather more so than those of factory B, as they include few if any re-dressings. The 
power curves reproduced at the bottom of Fig. 5 relate to factory C, and not to factory D. 

In order to obtain sufficient data to study the incidence of eye accidents, the cases at factories B, C and D 
have been grouped together, and the combined values are recorded in Tables VI and VII. One group includes 
the men's and women's accidents at factory B, and the men's accidents at factories C and D. The other group 
includes the women's accidents at factories C and D. These data show that the incidence of eye accidents 
was on the whole more steady than the incidence of cuts. 

The " total cases in whole week " entered in Tables III to VII are not as a rule quite so large as the 
totals deducible from the hourly accident values given in the respective columns above them. This is 
because somewhat shorter hours than those stated were worked on Saturdays and occasionally at other times, 
and when this occurred an appropriate correction was made. In Table VI the total cases in the night shift 
at factory C are greater than the deducible totals, as the hours worked were IJ longer than those recorded. 

It might be thought that the incidence of accidents at these shell and fuse factories was very difierent 
from that observed at other types of factory, but it is not so in reality. It is to be remembered that practically 
all previously recorded results suffer from the disability that the accidents recorded in the first and last hours 
of work in each spell are too low, as no allowance was made for the workers starting late and finishing early. 
If these initial and final values be rejected, the intermediate values correspond well with my data in many 
cases. In fact, nearly all of the features shown by the 26 day shift accident curves charted in the British 
Association Report on Fatigue (1915), are reproduced in one or other of my curves. 



Daily Variations of Accidents and of Output. 
The daily incidence of accidents has been recorded in a large number of instances (c/. Brit. Assn. Eeport), 
and as a rule it was found that accidents are least numerous on Wednesday or Thursday. The output curve, 
on the other hand, varied in the reverse manner and reached a maximum in the middle of the week and a 
minimum at each end. Digitized by IVHcrOSOft® 
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THe relative variations in daily output at factory A were investigated H^^-^^^^^^^ I^^TmJrS 
and evening between tte changing over of the sHfts. As tte amount of P^^^ ,'^,^^™° ^hlt re^Se^ by the 
such as the drilling machines was'very much less than that required ^ °^^ *^«i^JJ^\^' ~J^™ 
large automatic machines was considerably larger, the power consumption ^^I'^^^fJ^^ Trweighted^alues 
roughly weighted so as to equalise approximately the power consumption per if'^-^^^l^^lM^^.^ 
of tL'mne L ten sections w\ere cutting tools were in use -^ -^^^^^^^^^^^^^^ bottom of 

as percentages on the mean, are recorded m Table Vlil, and are reproauoeu g ^ ^„4..__ ^f the factory 
Fig^. They represent the output variations of four-fifths or more °^*li%«,^** °f -*?°^ ^°t^^^^ 
but in that no correction was made for the power consumed in dnvmg ^^l^^^^l^^lt^^SZr 191? 
from that required for actual work, these figures have only a relative va ue. T^eyi^ow that in October m^^ 
the output of the night shift reached a maximum on Tuesday, and fell to a ^^^^^^J "^^^J^owed a Zch 
of the day shift reached its maximum on Thursday andfell ofi considerably on ^^^^^.f y' f^^^^™ 3™^ 
wider range of variation than the night shift output. A repetition of *!^« ^^^^^^^^^^^/^^^S ts maximTm 
the night fhift to reach its maximum on Monday instead of Tuesday, whilst the "i^y f/^/^^^^Jf ^J^'f^^'^^^^^^^ 
on Wednesday instead of on Thursday. Moreover, the range of variation shown by the ^^gj^t^f * J^^^ [^^^ 
much greater than before. Probably the workers were more fatigued m July, as they had had no holiday 

Fig 6.— Diurnal Variations of Accidents and Output at Factory A. 
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for some weeks, whilst in October they had a four-days' holiday 10 days before the observation period. Little 
importance can be attached to the comparatively small fall of output observed on the Saturday in the July 
period, as the workers put in only a half day of work, and their power consumption was doubled so as to get a 
full day value. 

Most of the accident data obtained at factory A are recorded in Table VIII. They relate to the 22| month 
statistical period running from February 1, 1916, to December 15, 1917. The total number of each type of 
accidents is recorded, and the total number of burns, sprains and previous injuries treated each day is given, 
but the cuts and eye accidents are calculated as percentages on their respective means. From these percentage 
values, reproduced in Fig. 6, we see that in the men on night shift the cuts increased to a maximum on Tuesday 
and then slightly fell away, whilst in the day shift workers they were nearly constant throughout, though they 
showed a slight maximum on Thursday. That is to say, their incidence corresponded fairly well with the 
variations of output. The cuts data for women, on the other hand, so far from corresponding with output, 
varied in almost the exactly opposite manner, for the night shift showed a minimum output on "Wednesday, 
and the day shift, a very low value on Tuesday. These data, and others referred to below, show that there 
are several conflicting factors at work which act in various strengths and in various directions. In addition 
to the speed of production factor, which tends to make the incidence of accidents vary in correspondence with 
the output, there is what may be termed a " practice-efiB.ciency " factor which acts in almost the reverse 
direction. The worker loses some of his efficiency at each week end rest, and owing to increased clumsiness 
is more likely to cut himself when he starts work again at the beginning of each week ; but this clumsiness 
rapidly subsides and reaches a minimum at the end of the week. On the other hand, the factor of fatigue 
causes the number of accidents to increase daUy throughout the week. 

Eeturning to the " cuts " curves reproduced in Fig. 6, it is evident that speed of production was the most 
important controlling factor in the men, but the reverse type of curve shown by the women is probably due to 
the operation of the practice-efficiency factor which reduced the accidents during the first part of the week 
and the fatigue factor which increased them towards the latter part of the week. The eye accidents difier 
most remarkably from the cuts in their degree of diurnal variation In the women on day shift there Were 
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nearly twice as many accidents on Thursday as on Monday, and in ttose on night shift there were 80 per cent 
more accidents on Thursday than on Sunday. In the men the range of variation was smaller, but it amounted 
to 40 per cent, in the night shift and 46 per cent, in the day shift. The frequency of the eye accidents corre- 
sponds with the output variations, especially so during the day shift, but evidently there must be some other 
agency at work besides that directly dependent on speed of production. Most of the eye accidents are due 
to metal tornings flying off from the objects turned, and it seems very probable that the operatives tend to 
bend over their work more when they are working quickly than when working slowly, and so get a much greater 
proportion of metal turnings into their eyes. i. v i 

The diurnal variations of the other accidents, which are recorded in Table VIII, call for but little comment, 
as many of them are not sufficiently numerous to give a very reliable result. The burns reached a maximum 
on the Thursday or Friday of the day shift, and on the Friday of the night shift. The sprains reached a 
maximum on the Thursday of the night shift, but during the day shift they reached a maximum for the men 
on Saturday and for the women on Wednesday. If an average be taken of the burns and sprains in men 
and women, it is found that their incidence corresponds well with that of output during the day shift, but 
during the night shift it reaches a maximum towards the end of the week, presumably because of fatigue. 
The previous injury oases were irregular, but as a rule they occurred in greatest numbers at the beginning 
and end of the week. This is what might be expected, for workers with an untreated injury would be more 
likely to get it seen to just before the week end break than in the middle of the week, or if they put ofE 
attendance till after the break was over they would be more likely to attend at the first opportunity in that 
the evil eSects of the injury would have been accumulating during the 38 to 41 hours when no treatment 
was available. 

It should be mentioned that the figures given in Table VIII and the two subsequent tables for " total 
accidents in statistical period " represent the sum of the daily accidents after they have been corrected for 
any differences in the daily hours of work {e.g., on Saturdays). 

At factory C the relative output was determined very satisfactorily from the readings of the watt- 
meters which were made night and morning by the works electrician between the changing of the men's 
shifts. Complete sets of readings of the four meters which recorded the total power consumption of the 
factory were available for 13 weeks in January-April, 1917, except that the power utilised on Sunday nights 
was not ascertainable, owing to a variable and unmeasured amount of power having been consumed on 
Sunday mornings. In this January-April period the men were working 69| hours a week on night shift 
and 57 hours on day shift, whilst the women were working 48J hours on night shift and 37^ or 47 hours on 
day shift. Another set of readings was obtained for a period of nine consecutive weeks in May-July, or at a 
time when the men and women were working the same hours, viz., 60 per week on night shift and 48 hours 
on day shift. These two sets of data were averaged separately, and they are recorded as percentages on 



Fig 7.— Diurnal Variations of Accidents and Output at Factories B, C and D. 
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the mean In the lower part of Fig. 7 and in Table IX. The curves show that in January-April neither the 
day or the night shift reached their maximum output until the last working day (or night) but one ot tHe 
working week. In May-July, on the other hand, both day and night shifts reached their maximum output 
three days before the end of the working week, and then deteriorated. Hence it looks as if the longer hours 
worked by the women, though accompanied by shorter hours for the men, caused a more rapid onset of 
fatigue, with its attendant reduction of output. 

Adequate daily output data were not obtained at factories B and D, but there can be little doubt 
that they would have shown somewhat similar variations to those at factory C. The accident data of these 
three factories are closely comparable, so it was thought best to group them together. The first group com- 
prises all the accidents to men except eye accidents, and the uppermost curve in Fig. 7 shows that dunng 
night shift the incidence gradually increased in the course of the week, and on the last i»g^* reached a 
maximum value which was 20 per cent, greater than the value observed on the first night. This rise was 
presumably due to fatigue, as the men were working very long hours, viz., 63 or more per week at lactones 
B and D, and 69| (for most of the time) at factory C. The day shift showed the same kind of incidence 
as was observed in women (for cuts) at factory A, an incidence ascribed to lack of practice-efficiency at the 
beginning of the week, and to onset of fatigue at the end of it. It might naturally be conjectured why the 
night shift did not Hkewise show any sign of the practice-efficiency factor. The probable reason is that 
there was only a 24-houi interval of rest between the time at which the workers ceased day shift work and 
began on night shift work, whilst there was generally a 48-hour interval between the end of the night shift 
work and beginning of the day shift work. Probably some of the numerous accidents incurred by the day 
shift workers on Mondays were due to a persistence of the fatigue efEects induced by the night shift work. 
This hypothesis is supported by the accident incidence for women. The women's data have been separated 
into two groups, viz., those obtained at factory B and those at factory C in May-August, 1917, when the 



Table X. — Diurnal Variations of Accidents to Women at Factories G. and D. 



Type of Accident. 



Shift. 



Total 
accidents 
in stat- 
istical 
period, 



Sun. 



Mon. 



Tues. 



Wed. 



Thur. 



Fri. 



Sat. 



Cuts, burns, Spraias and eye J 
accidents (per cent.) ... | 

Eye accidents only (actual J 
accidents incurred) . . . j 

Previous injuries (actualj 
accidents incurred) ... | 



Morning... 


1,320 




96-4 


100-5 


91-4 


107-3 


102-7 


Afternoon 


1,327 
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97-6 


96-7 


109-4 


102-6 


110-3 


Night ... 


1,064 


85-2 


85-7 


93-6 


112-8 


106-0 


116-8 


Morning... 
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19 


19 
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Afternoon 
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23 


23 


31 


21 


23 


Night ... 
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11 


19 


21 


24 


24 


25 


Morning... 


156 


— 


39 


18 


24 


26 


25 


Afternoon 


130 
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22 


23 


22 


29 


20 


Night ... 


115 


13 


19 


12 


21 


25 


25 



101-8 
83-2 

15 
17 

24 
14 



women worked two shifts ; and those obtained at factory D and those at factory C in July, 1916, to May, 1917, 
when they worked three shifts. The incidence of accidents for the two-shift women shows a more marked 
fatigue efiect during the night shift week than that observed in the men, and what is probably a persistence 
of this efiect to the Monday of the day shift week. The incidence of accidents in the three-shift women 
shows the fatigue efiect during the night shift week, but no persistence of fatigue whiBever to the Monday 
of the morning shift week which followed directly on it. Superposed on the morning shift curve is the 
afternoon shift (2 to 10 p.m.) curve. Both it and the morning curve show a slight rise of accidents in the 
middle of the week, probably the result of increasing speed of production. 

The speed of production factor is revealed clearly in the eye accident curves, just as it was in the data 
of factory A. The number of accidents available is too small to give a ve^y regular result, but the fourth 
pair of curves in Fig. 7 show that in the night shift men the eye accidents rose on Tuesday to a maximal 
value which was 39 per cent, greater than that observed on the Sunday, whilst in the day shift men it rose 
on the Fiiday to a maximal value which was 51 per cent, greater than that observed on the Monday. In 
the women the eye accidents were too few to yield a reliable result, but as can be gathered from the data recorded 
in Tables IX and X, their incidence usually difiered from that of the other accidents and approached that 
of the men's eye accidents. 

The accident data above described deal with several of the factors concerned in their causation. More 
information relating to the fatigue factor is adduced in a subsequent section, whilst other factors such as 
psychical influences and alcohol consumption are likewise discussed in their own section. The problem is 
one of extreme complexity, and it can never be solved completely as it is impossible to obtain data controlled 
by only one of the numerous factors. All the factors are exerting theic influence in greater or less degree, 
and it is only by the difierential method imdicated in the above discussion that probable conclusions can be 
arrived at. 



Monthly Variations of Accidents and of Output. 
The speed of production at all of the four factories increased considerably during the periods for which 
their accidents were tabulated, and such increase would be expected to augment the number of accidents. 
At factory A it was impossible to estimate the collective output owing to its miscellaneous character but the 
majority of workers were making time fuses of a standard pattern, and the conditions of production of these 
fuses, except as regards hours of labour, remained unchanged throughout the 25 month statistical 
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Sin '^I'l^^^^T ^"""^^ """.^P^n* °^ ^"^"^ *5^P^°^1 g'^^^P^ °^ *^®^« ^°'J^«^« (^i^-' o°e of men, one of youtha, 
Ha iT °L7°°'f ) ^^^ ascertained for the first thirteen months, and is recorded in detail in Memoranda 12 

™^;^ m ft^^ "^""^ T^^""^' °^ *^^ *"^° g™^P^ °f "^^^ ^^<i *^« t^o g^oi^PS of women have been 
averaged, and as the average values quoted in Table XI correspond well they may be considered to give a fair 
Idea ot tte output variations of the whole factory. The average weekly hours of actual work for the men and 
women which are quoted in the Table likewise correspond fairly well. The data relate only to day shift workers 
as with occasional exceptions the workers in the operations chosen did not go on night shift. During the latter 
part of the statistical period the output of only one group of workers was ascertained, viz., that of a block of 
;t ^l^^T^^f.^^^ ^^"^ "^^^^ °f ^^^^^g aluminium fuse bodies. These men worked on day shift until 

March 10, and then went on to night shift for alternate fortnights. Hence from this date onwards the values 
quoted in the lab e show the average output and hours of labour per four weeks, half of which comprised night 
shift work and half day shift work. It must be admitted that the output of one group of 90 workers cannot be 
taken as a rehable index of the collective output of over 9,000 workers, but the data, showing as they do a 
gradual increase of hourly output comparable to that observed previously, suggest that the majority of factory 
workers similarly continued to speed up their rate of production. The average hours of actual work were 
rather irregular in 1917 owing to occasional shortages of material and consequent reduction of hours. These 
shortages affected some of the other workers, though not the majority of them. Hence one may say that though 
the average hours of labour of the whole factory were rather shorter in 1917 than they were in the last few 
months of 1916, they were not so short as is suggested by the figures quoted. In calculating the average hours 
of labour the weeks were omitted in which the workers received several days' holiday. 

The accident data relate only to cuts, and show the accidents per 10,000 lathe workers per week averaged 
over foul weekly periods, except on two occasions when they were averaged over six weeks. At each holiday 
time the accident data were not tabulated for a day or two before and after the hohday so as to eliminate a 
a complete week. During the first three months of the statistical period there was no night shift, and the 
day shift operatives were working as a rule for 12 hours a day, or from 7 to 12, 1 to 5.45, and 6.15 to 8.30, 
but from February 1, 1916, onwards the hours were reduced to 10 a day, viz., from 7 to 12 and 1 to 6 (for day 
shift). In order to render the early data more comparable to the later ones, the accidents occurring 
between 6.15 and 8.30 were omitted, and the accidents between 7 a.m. and 5.45 p.m. subjected to a small 
correction so as to bring them to exact terms, as regards weekly hours worked, with the later data. These 
corrected values are quoted in brackets in the Table, and from them it will be seen that the men's day 
shift accidents kept nearly constant for the first 13| months of the whole statistical period, but rose 
considerably from that time onwards. After April 1, 1917, the day shift did no work on Saturday after- 
noon, or put in 54| hours of work instead of 58^ hours, so the data have been corrected accordingly. Also it 
should be stated that Sunday day shift accidents were not at any time counted in, as Sunday work was so 
irregular. 

The men's night shift accidents rose steadily throughout until they were 73 per cent, more numerous in 
April-December, 1917, than they had been in February-March, 1916. The women's day shift accidents 
were more than twice as numerous in the first three months as they were subsequently, owing to fatigue, but 
neglecting these abnormal data for the time being, we see that from February 1, 1916, onwards the accidents 
slowly increased throughout the statistical period. The women's night shift accidents, on the other hand, 
remained almost steady throughout. These striking difierences between the incidence of the men's and women's 
accidents are chiefly dependent on the interplay of speed of production and fatigue factors.- It must be 
remembered that the women were entirely dependent on the men for the sharpening and setting of their tools, 
and so a speeding up on their part thraW correspondingly more work on the men. This sharpening and setting 
of tools appeared to be much more productive of accidents than ordinary lathe work, for the men's accidents 
as a whole were more than half as frequent again as the women's. During the course of the statistical period 
the relative proportion of men in the factory diminished whilst that of the women increased, as can be gathered 
from the values quoted in the Table. The eliminated men were mostly lathe workers, whilst the skilled tool 
setters, so far from being eliminated, had to be taken on in increasing numbers proportionate to the increase 
of women. It will be observed that the total number of men on night shift remained nearly constant throughout , 
but in that the number of women on night shift more than doubled during the course of the statistical period, 
the number of tool setters must likewise have more than doubled, whilst a corresponding number of men 
engaged on lathe work or on labouring dropped out. Hence the great rise of accidents in the men is due partly 
to the change in the relative numbers of skilled tool setters, with their special liability to accidents, and of 
the more immune lathe workers and labourers. It is due partly to the speeding up in production, for we see 
in the Table that the average hourly output of the men increased gradually from 113 in February-March, 1916, 
to 147 in August-October, 1917. , • , 

But how is it that the increasing speed of production, which was no less marked in the women than in the 
men, so far as available data can show, caused such a small increase in their accidents ? As will be pointed 
out in the next section, the women were very much more fatigued by the long hours than the men, and this 
fatigue augmented their accidents. As we have already seen, the accidents occurring in the first three months 
of the statistical period, when the 12-hour day was worked, were more than twice as numerous as m the subse- 
quent three months when a 10-hour day was substituted. During the 10-hour day period, which nominally 
continued throughout the remainder of the statistical period, the average weekly hours of work were gradually 
diminished at first by the abolition of Sunday labour, later on by the abolition of Saturday afternoon labour, 
and later still by the reduction of night shift hours from 621 to 60 per week. This reduction of hours caused a 
reduction of fatigue in the women and so discounted a proportion of the increase of accidents brought about 
by increasing speed of production. 

Accidents in Eelation to Fatigue. 

The fatigue factor has been referred to incidentally in the previous section, but its importance necessitates 
a detailed and independent inquiry. The statistics collected at factory A afford a striking opportunity of 
investigating its influence, and the figures quoted in Table XII represent the actual numbers o cuts and 
other aiidents suffered by the women in the " fatigue period," when 77^ hours a week were usuaUy worked. 
These resiSts show that the accidents increased very rapidly during the course of the morning spell and in he 
last fuU hour of work attained a maximum value four or five times greater than that m the first hour. In the 
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t?e maTmunf va u^ oh^ t'- T^^ *^°'' *° %''' ^^^"^^^y '^'''''^'^' ^^^ ^^^^ ^'^^^J ^'^^k to half or a thir J 
in the coTsT ofZinZf ,^l f^"''''\^ '^f\ ^^^^^^^^ly the fatigue of the women increased so much 
accidents afternoon that they slowed down their production more and more, and so reduced their 



Table Xll.—Accidents to Women during Fatigue Period. 




Time interval. 


Cuts. 


Eye accidents. 


Burns. 


Sprains. 


Previous injuries. 


7.6 to 7.35 

7.36 to 8.35 

8.36 to 9.35 

9.36 to 10.35... 

10.36 to 11.35 

11.36 to 12.5 

1.6 to 1.35 

1.36 to 2.35 

2.36 to 3.35 

3.36 to 4.35 

4.36 to 5.35 

5 36 to 5.50 

6.21 to 6.35 

6.36 to 7.20 

7.21 to 8.5 

8.6 to 8.35 


2 

29 

45 

123 

154 

98 

108 
138 
123 
138 
109 
89 

89 
90 

82 

82 


2 
2 
1 
8 
8 
4 

8 
4 
7 
7 
11 
2 

2 
13 
16 

4 


2 
4 
4 
17 
19 
4 

20 
17 
12 
15 
13 
16 



14 

6 

7 



17 
20 
64 
64 
26 

24 
34 
32 
32 
20 
28 

24 
19 
30 

29 


5 

54 

59 

121 

114 

42 

104 

105 

72 

63 

44 

24 

43 
34 
35 

34 



Unfortunately I did not take any power records during the fatigue period, but I observed the direct hourly 
oatput during two days, and found that whilst it kept up well throughout the day in such women as continued 
working, quite a number of the women did very little work between 6.15 and 8.30, but sat resting. As 
the observations are not sufficiently numerous, I do not quote actual figures. 

The number of accidents in the fatigue period, as compared with that of the day shift in the subsequent 
14 months when 10 hours a day were worked, is recorded in Table XIII. To make the data consistent, all 
the accidents were calculated per 10 ,000 factory workers, and it will be seen that the women sufiered 2-73 
times more cuts in the fatigue period than they did subsequently. Other accidents than cuts were 2' 1 to 3-5 

Table XIII. — Relationship between Accidents in Fatigue Period and in Subsequent Period. 





Total cases 
occurring in 


Ratio of accident- 
frequency in fatigue 
period to that 


Ratio of afternoon accidents to 
morning accidents. 


Type of Accident. 


fatigue period. 


in subsequent 
14 months. 


In fatigue period. 


In subsequent 14 
months 




Men. 


Women. 


Men. 


Women. 


Men. 


Women. 


Men. 


Women. 


Cuts 

Foreign bodies in eye . . . 

Burns 

Sprains 

Previous in j uries 


660 
68 
83 
87 

338 


1,145 
76 

- 136 
363 
779 


1-14 
0-65 
M6 
1-27 
1-43 


2-73 
2-09 
3-50 
2-95 
3-01 


1-07 
0-90 
1-31 
0-92 
(0-46) 


1-45 
1-51 
1-29 
0-72 
(0-82) 


1-08 
0-98 
0-76 
0-63 
(0-59) 


M7 

1-67 

M2 

0-80 

(0-53) 


Weighted mean 


— 


— 


1-20 


2-87 


1-06 


1-29 


1-00 


Ml 



times more frequent, and even sprains were 2' 9 times more numerous, or fatigue must have induced such extra 

slackness of muscles, tendons and joints, coupled with carelessness in putting strains on them, as to lead to 

this unexpected result. A mean of all the accident cases, weighted according to their number, showed them to 

be 2'87 times more numerous in the fatigue period. The corresponding data for men, which are likewise 

recorded in the Table, show that cuts were I'H times more numerous in the fatigue period than subsequently, 

whilst all the accidents taken together were 1-20 times more numerous. This shght excess of men's accidents 

in the fatigue period was due almost entirely to the longer hours worked, for as already pointed out two pages 

back, the cuts per 10,000 male lathe workers, calculated for a 10-hour day, were practically constant in number 

tcom November, 1915, tUl December, 1916. Making a similar correction for the women's accidents, one may say 

that they were about two and a half times more numerous in the fatigue period than subsequently. That 

this tremendous excess of accidents was the direct result of fatigue engendered by the long hours is clearly 

indicated by the fact that from February 1, 1916, onwards, or immediately the 12-hour day was changed 

to a 10-hour day, the accidents fell to less than a half (see Table XI). It is true that they were fewer m 

December and January, 1916, than in Noveqiber, but this was due to the recuperative efEect of the Christmas 

holiday. 
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Another method of testing the presence of fatigue is to compare the number of accidents m the morn mg 
and afternoon spells of work. To obtain comparable data between the fatigue period and the subsequent 
period the accidents occurring in the four full hours of the morning and afternoon spells (t.e, from 7.dU to 11. dU 
and from 1.30 to 5.30) were enumerated. During the fatigue period the ratio of morning cuts to afternoon cuts 
in women was as 1 to 1-45, whilst a mean of aU the accidents except previous injury cases gave a ratio of 
1 to 1- 29 (see Table XIII). In the subsequent period, however, the ratio value was only l" 17 tor cuts and 1_ 11 
for all accidents. In men the mean ratio was l' 00 during the 10-hour day period and even in the tatigue period 
it was only r06, or less than in women during the 10-hour day period. 

A comparison of the morning and afternoon output values, calculated from the excess electric power 
supplied in the two four-hour periods of full work, showed an ahnost exact equality. A mean of the ratios 
obtained from readings of the 7 watt-meters to the sections mentioned previously (p. 6) gave a morning to 
afternoon ratio of 1 to "98 in April-June, 1916, a value of '99 in January, 1917, and one of "99 in June 1917, 
whilst the values for individual sections never ranged beyond the limits of '97 and I'OS. It might be thought 
that this approximate equality of morning and afternoon output betokened an absence of all signs of tatigue, 
and so disagreed somewhat with the accident data, but this is not so. We have seen that during the whole 
of the morning spell the output rose gradually by reason of practice efficiency, whilst m the afternoon spell it 
was nearly constant because full efficiency had been attained. As the afternoon output was slightly smaller 
than the morning output in spite of this attainment, it follows that fatigue processes rather more than neutralised 
the effects of practice efficiency. 

The outstanding conclusion to be derived from the observations at factory A is that a 12-hour day of work 
caused such tremendous fatigue in the women as to increase their accidents two and a half fold, whilst it had 
little or no effect on the men. A comparison of the curves recorded in Fig. 2 shows that the incidence of men's 
accidents during the fatigue period was nearly the same as that observed during the next fourteen nionths. 
Even during the 10-hour day the women showed distinctly more signs of fatigue than the men did during the 
12-hour day, not only by reason of the above-mentioned ratios between afternoon arid morning accidents, 
but because the women showed amore rapid increase of accidents in the course of the morning spell .of the 10-hour 
day than the men did in the same spell of the 12-hour day. Probably women would need to have their working 
day reduced to 9 hours before they escaped fatigue as successfully as the 12-hour day men. A 12-hour day of 
actual work in industrial pursuits was ahnost unknown in this country before the war, and has been exceptional 
during the war, so we may confidently conclude that as a rule fatigue has but little influence in the causation 
of accidents in men. If men worked longer than a 12-hour day, or even if they worked 12 hours or less upon 
heavier types of work than those imposed on them at the fuse factory, they would doubtless be liable to fall 
into the condition of excessive fatigue shown by the women. 

The change of working hours at factory C during the course of the statistical period affords a good oppor- 
tunity of testing the influence of hours of labour upon accident frequency. During the first ten months of 
the period, or from July 9, 1916, till May 12, 1917, the men worked alternately 57 hours per week on day shift 
and 69|- hours on night shift, whilst the women worked in successive weeks 47 hours on morning shift, 37| 
hours on afternoon shift, and 48^ hours on night shift, or 44| hours on an average. During the next three 
months the men and women both worked the same hours, viz., 48 per week on day shift, and 60 per week on 
night shift. That is to say, the women now worked on an average for 9f hours vwre than they had previously 
done, whilst the men worked 9J hours less. In Table XIV are quoted the ratios of the women's accidents to the 



Table XIV. — Ratio of Women's Accidents to Men's Accidents at Factory 


C. 




Day Shift. 


Night Shift. 


Type of Accident. 


First Period. 


Second Period. 


First Period. 


Second Period. 


Cuts 

Foreign bodies in eye 

Burns 

Sprains 

Previous inj uries 


1-12 
0-98 
2-11 
1-64 
Ml 


1-05 
1-19 
3-19 
2-00 
3-05 


0-94 
1-29 
2-71 
1-43 
1-36 


1-46 
1-41 
5-69 
1-89 
2-05 


Weighted mean 


Ml 


1-32 


1-09 


1-74 



men's accidents taken as unity. The women's accidents during the first period were corrected for the smaller 
number of hours worked, and their morning shift accidents were compared with the men's day shift accidents, 
and their night shift accidents with those of the men's night shift, whilst their afternoon shift accidents were 
neglected. It will be seen that, with one slight exception, the women's accidents during the second period 
were invariably more numerous, as compared with the men's accidents, than they were in the fijst period 
On taking a mean of the values (weighted according to the number of accidents), it is found that they were 
19 per cent, more numerous for the day shift and 60 per cent, more numerous for the night shift This relative 
increase in the frequency of women's accidents was probably due in small part to the shorter hours worked 
by the men, but chiefly to the longer hours worked by the women in the second period. The greater night shift 
effect was presumably due to the fact that the women's night shift hom-s had been increased by 11| per week 
whilst their day shift hours had been increased by only one per week. Some of the fatigue caused by the long 
night shift week would persist during the earlier part of the subsequent day shift week, and so account for 
most of the 19 per cent, increase observed in the accidents. 
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Accidents IN Relation to Psychical Influences and Alcohol Consumption. 

It is convenient to discuss the efiects of psychical influences and of alcohol consumption upon accidents 
conjointly, as these two factors frequently act in conjunction, and sometimes it is impossible to determine 
the relative degree of importance to be attached to each of them. 

We have seen that th.e curves of accident incidence for day shifts, differ entirely in their main features from 
those for night shifts. As a rule the day shift curves show a rapid rise of accidents during the course of the 
morning speU, and a nearly steady incidence during the afternoon spell. The night shift curves, on the other 
hand, show a more or less steady fall the whole night through, except for an occasional small rise at the very end 
As will be demonstrated in subsequent sections, this remarkable difierence is not in any way dependent on the 
lighting being natural by day and artificial by night, or on changes of temperature. It is, in fact, mainly psychical 
in origin, as has already been suggested. The day shift worker comes to the works in a lethargic condition, 
only h,alf awake, and digesting a hurried breakfast,' but brightens up gradually in the course of the morning, 
as he generally gets some tea at about 9.30 a.m., and has his dinner break to look forward to. Still more does 
he brighten up in the course of the afternoon spell, as he is looking forward to his few hours of rest and pleasure. 
This anticipation of pleasures to come induces lack of attention and carelessness, and tends to increase accidents. 
The night shift worker, on the other hand, generally gets up about 3 or 4 p.m. and has two or three hours in 
which to amuse himself before coming to work. If he desires alcoholic refreshment he must take it then, 
for as a rule he remains in the factory throughout the night and has no further opportunity of indulging himself. 
He comes to the factory, therefore, in a state of pleasurable excitement, which has been increased in many 
instances by the consumption of alcohol, and so he starts work under conditions likely to induce the maximum 
of carelessness and inattention. As the night progjesses his excitement cools down, the efiects of the alcohol, 
if they exist, wear off, and by the time the last spell of work is reached he has lapsed into a state of mental 
dulness. He has only breakfast and bed to look forward to, and they induce no sense of exhilaration whatever. 
We saw in a previous section that the night shift output might reach its maximum at the beginning of the 
third spell, or a time when the accidents were nearly minimal, so the mental torpor produced by lack of 
anticipatory excitement in no .way interferes with speed of production. 

It is probable that the day shift worker does not, as a rule, take alcohol in his dinner break, but postpones 
it till his day's work is done. Many of the workers take their meals at the factory canteen — for such canteens 
existed in all the factories where accident data were collected — and remain in the canteen until it is time to 
return to their afternoon's work, so they have no opportunity for getting a drink. Even those who go home 
for their meals have' very little time to spare, and generally prefer to wait till they can enjoy their alcohol at 
their leisure. Hence it follows that as a rule alcohol consumption is a factor of small importance in the causation 
of day shift accidents, especially those of the morning spell, whilst it is a factor of considerable importance 
in the causation of night shift accidents, especially those of the first spell. 

It is almost impossible to obtain direct evidence of the degree of importance to be attached to the alcohol 
factor, because interrogation of the workmen on their habits would not only be regarded as an impertinence, and 
quite rightly so, but it would be useless, as it would be impossible to determine the truth ; but of indirect evidence 
there is plenty. Owing to. restrictions in the sale of alcoholic liquor, the alcohol consumption of the whole 
community has rapidly dwindled during the war. Especially is this so since April 1, 1917, for in March, 1917, 
it was 74 per cent, its pre-war amount, but from April and Jime it was reduced to 29 per cent, its pre-war 
amount (reckoned in terms of pre-war alcoholic strength). From July, 1917, onwards it was increased to 
39 per cent, its pre-war amount, and it still remains at about this level. The effect of the restrictions on the 
number of convictions for drunkenness is well shown by the following statistics for England and Wales : — 



1913 ... 

1914 ... 

1915 ... 

1916 ... 



Males. 


Females. 


153,112 


35,765 


146,517 


37,311 


102,600 


33,211 


62,946 


21,245 



The nurnber of weekly convictions for drunkenness in the towns where the factories under investigation 
were situated is as follows : — 



1913. 



January to June, 
1915. 



January, 1916. 



May, 1917. 



Town of Factory A 

Town of Factories B, C and D. 



91 
36 



37 
24 



23 
9 



12 

7 



Though there is not necessarily a close connection between convictions for drunkenness of the townspeople 
as a whole and the average alcohol consumption of the munition workers living in the town, there can be no 
doubt that the munition workers' consumption must have diminished gradually throughout the war, and 
have undergone special diminution from April, 1917, onwards. Hence, if the alcohol factor is of real importance 
in the causation of factory accidents, we are bound to be able to detect signs of its diminishing action in the 
accident data, especially in those of the night shifts. 

The accident data at factory A were divided up so as to separate the cuts treated between April 2 and 
December 15, 1917 (the reduced alcohol period) from those treated in the preceding 14 months. The curves 
in Fig. 2 (p. 9 ) show that in the day shift women the incidence was practically the same during these two 
statistical periods, but in the night shift women the cuts increased during the course of each spell in the reduced 
alcohol period, whilst they usually decreased during each spell of the preceding period. This decrease was 
presumably due, especially as regards the first spell, to the diminishing efiects of alcohol consumption. Thus 
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we find that in the men on night shift there was a much more marked decrease during the first spell of the 
preceding period, coupled with a steady incidence during the first spell of the reduced alcohol period. This 
more marked efiect in the men agrees with the fact that convictions for drunkenness are three or four times more 
numerous in men than in women, and presumably the relative amount of alcohol consumed by them is greater 
in similar proportion. The day shift men showed the same kind of incidence dunng the morning spell of 
both periods, but in the afternoon their cuts increased rapidly dujing the reduced alcohol period and 
diminished rapidly during the preceding period. This decrease was probably due to some extent to tHe 
disappearance of alcohol effects, whilst the increase observed during the reduced alcohol period was due to a 
speeding up of production. The power load data show that this speeding up was quite distmct m July (i.e., 
in the reduced alcohol period), but was lacking in January. , i ^ n j? xi, o i. 

In order to compare the accidents per spell of the night shift, the cuts were calculated for three 3-hour 
periods of full work {cf. Table III, p. 8), and the ratios between these values are recorded m iable AV 
These data relate to the cuts incurred over three monthly periods, and ix. will be seen that the proportion of 
cuts was almost always smaller in the second spell than in the first spell, and smallest of all m the third 
spell. The mean values given at the bottom of the Table show that the reduction in the proportion of accidents 



Table XY.— Ratio of Cuts treated in the Three Spells of the Night Shift at Factory A. 





Total 

Cuts 

Treated in 


Ratio of Cuts Treated in the Three Spells of the 
Night Shift. 


Statistical Period. 


Statistical 
Period. 


Men. 


Women. 




Men. 


Women. 


1st 
Spell. 


2nd 3rd 

Spell. Spell. 


1st 
Spell. 


2nd 

Spell. 


3rd 
Spell. 


Feb. 1 to May 1, 1916 

May 2 to July 24 

July 25 to Oct. 23 ..' 

Oct. 24 to Jan. 22, 1917 

Jan. 23 to Apr. 1 

Apr. 2 to July 7 

July 8 to Oct. 6 

Oct. 7 to Dec. 15 


167 
244 
224 
231 
259 
352 
330 
165 


135 
226 
191 
265 
268 
323 
293 
203 


1-00 
1-00 
1^00 
1-00 
1-00 
1^00 
1^00 
1-00 


■99l 
1-25 y-99 
•73 1 

•84/ „, 
•57/^1 

•52 


•58/ -^^4 
•84' 

•59^-65 
•52] 

'11} -^^ 
•53 


1^00 
1^00 
1^00 
l^OO 
1^00 
1^00 
1-00 
1^00 


■82l 

•96 ^^92 

•99 J 

•70i 
1-09 ^^97 
MlJ 


■63\ „„ 

•62/ -62 

•85' 

•72 ^^73 

•62 

•62= 

•82^^77 

•88j 


Mean 


-— 


— 


1-00 


•75 


•62 


1^00 


•89 


•72 



was much greater in the men than in the women, and this is what one would expect if the efiect was due largely 
to recovery from the influence of alcohol consumption. On the other hand, fatigue would tend to keep up the 
accidents more in the women than in the men, whilst the psychical factors of mental excitement and of inclination 
to attend the dressing station — ^which operate in diminishing degree throughout the night — would depress 
the accidents to women more powerfully than those to men. 

The individual ratio values for the second spell show a considerable increase in the women throughout 
the statistical period, whilst those in the third spell show a smaller increase. In other words, the accident 
incidence tended to get more and more level during the course of the night shift as the average alcohol con- 
sumption of the women diminished. In the men, however, the change of ratio was not so regular. It was 
striking enough during the third spell, but during the second spell the proportion of accidents increased 
tremendously between February-July, 1916, and July, 1916- April, 1917, and then it fell away in April- 
October, 1917. Especially was this so in the second half of this period, when the consumption of beer was 
greater than in the first half of the period, though still much less than in the preceding eight months. It fell 
away still more in October-December, 1917, but there was a special reason for this. The public houses in 
the area in which factory A is situated open at 6.30 p.m., or the time at which the night shift was due to 
start work. From October 7, 1917, onwards, however, the night shift started work at 7.0 p.m., instead of at 
6.30, so the workers had much more temptation than before to get a drink just before work. Apparently the 
women resisted the temptation, whilst some of the men succumbed, and so sent up their accidents in the first 
spell — i.e., they relatively lowered their accidents in the second and third spells. 

At the shell factories the accident data were not collected over a sufficiently long period for them to 
yield any distinct evidence of changing ratios. The average ratios between the number of men's cuts treated 
in the three spells of the night shift were 1 : "78 : ^61 at factory B, 1 : -75 : -59 at factory C, and 1 : "88 : :-56 at 
factory D, or were very similar to the ratios observed at factory A. At all of these factories the night shift 
cime on to work at 6.0 p.m. (i.e., before the public houses were open), but from May 13, 1917 onwards the 
night shift at factory C started work at 8.0 p.m. instead of 6.0 p.m., and so they must have experienced more 
temptation to drink before work. The men's ratio observed during the next three months was 1 ■ -63 ■ "76 
or suggests that they to some extent succumbed to this temptation, but the total cuts tabulated in the period! 
viz., 297, is too small to justify confident conclusions. 

The women at factories C and D worked only two spells as they came in three shifts. In factory C the 
cuts treated in the two spells were as 1 to "97 in the morning shift, as 1 to -70 in the afternoon shift and as 1 to 
■57 in the night shift. At factory D they were as 1 to 1^03 in the morning shift, as 1 to 69 in the afternoon 
shift, and as 1 to ^70 in the night shift. In that the afternoon shift came on at 2 p.m. and worked ti'l 10 n m 
any alcohol consumed by them would naturally be taken shortly before work, and the same stateinent holds 
for the night shift which came on at 10 p.m. The reduction of accidents in the second spell of the afternoon 
and night shift women is greater than that observed in the night shift men or women at factory A and in the 
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men at factories B, C, and D, so it looks a i if these women were inclined to avail themselves of the facilities for 
drinking which were denied to the men and women who came to their work when the public houses were closed. 
The alcohol factor would bs expected to exert some influence on the daily variations in accidents, for the 
consumption of alcohol is by no means evenly distributed through the week. At all the factories wages were 
paid to the day shift on Friday afternoon, and to the night shift on Friday night. The day shift workers would 
spend some of their earnings on the Friday night and more still on the Saturday, but during the following 
week they would tend to spend less as the days progressed, and reach their minimum of expenditure on the 
Thursday, the evening befors pay day. In Fig. 8 and in Table XVI are recorded the relative numbers of 
cuts treated per day in men and women at factory A during (a) the " fatigue period," from November to January, 
1916 ; (6) during the succeeding 14 months period : (c) during the reduced alcohol period from April to 
December, 1917. The curves of incidence diSer entirely in type, for during the fatigue period the accidents 
were at a maximum on Monday, and dwindled rapidly from that day forward till on Friday they were only 



Fig. 8. — Daily Variations of Accidents at Factory A. 
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Table XVI. — Daily Variations in Cuts treated at Factory A. 



Statistical Period. 



Sex of 
Workers, 



(a) Fatigue period ; Nov. 2, 
1-915, to Jan. 31, 1916 

(a) Fatigue period ; Nov. 2, 

1915, to Jan. 31, 1916 

(6) Intermediate period ; Feb \, 

1916, to Apr. 1,1917 

(b) Intermediate period ; Feb.l, 

1916, to Apr. 1, 1917 

(c) Eeduced alcohol period ; 

Apr. 2 to Dec. 15, 1917 ... 
(c) Eeduced alcohol period ; 
Apr. 2 to Dec. 15, 1917 ... 



Men 



Women 



Men 



Women 



Men 



Women 



Sun. 



78-0 
82-7 



Relative Percentage of Cuts Treated on 



Mon. 


Tues. 


Wed. 


Th. 


Fri. 



Sat. 



122-4 


107-4 


109-2 


87-6 


83-1 


115-2 


105-8 


93-4 


97-5 


84-6 


92-7 


100-9 


100-7 


106-5 


102-2 


106 6 


95-9 


103-3 


100-5 


104-3 


110-8 


99-5 


98-2 


95-4 


92-1 


107-4 


96-1 


100-1 


101-2 


101-2 



112-2 

120-7 

96-9 

89-4 

104-0 

94-0 



68 per cent, as numerous in the men and 73 per cent, as numerous in the women. Then they suddenly shot 
up 35 to 43 per cen';., and reached a fresh maximum on Saturday. The operatives ceased work at 5.45 p.m. 
on Saturday instead of at 8.30 as on other afternoons, and these curves suggest very strongly that many of the 
over-fatigued workers took the one good opportunity offered to them of indulging themselves. It is true 
that the Sunday accidents were comparatively few in number (this was not due to only eight hours being 
worked, as the number of cases treated was multiplied up appropriately), but there were more absentees, and 
also the workers slacked a good deal on the Sunday and reduced their accidents accordingly. 

The accident curves of the intermediate period show no sign whatever of the week-end rise in accidents, 
for the workers, now released at 6 p.m. every afternoon, would doubtless spread their alcohol consumption 
much more evenly over the week. The men's accident curve in the reduced alcohol period shows a maximum 
of accidents on Monday and a steady diminution to a minimum on Friday, but it is uncertain whether this 
change from the previous type of curve is connected with alcohol consumption. However, the shortage of 
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beer in tiie district in which factory A was situated was so considerable in the reduced alcohol period that 
many of the public houses were frequently sold out, and they may have kept their fresh supplies chiefly for 
week ends. 

The importance of psychical influences in accident causation is indicated by the difierences in the proportion 
of day shift and night shift accidents. In Table XVII are given the ratios of night shift accidents to the 
corresponding day shift accidents taken as unity. An appropriate correction has in every instance been made 
when the weekly hours worked by the day and night shifts difiered, and in factory A the data had to be corrected 
for the difierences in the numbers of day and night shift workers. At the other factories this was unnecessary, 
as the numbers were equal. 

At factory A the accidents were divided into two blocks, according as they occurred between February, 
1916, and April, 1917, or in the subsequent period of reduced alcohol consumption. At factory C they were 



Table XVll.— Ratio of Night Shift Accidents to Day Shift Accidents. 



Type of Accident. 



Men. 



Factory A. 



Factory C. 



First 
Period. 



Second 
Period. 



63i hrs. 
.Weekly. 



54 hrs. 
Weekly. 



Factory B, 



Factory D, 



Mean. 



Cuts 

Foreign bodies in eye 
Burns 

Sprains 

Previous injuries 

Weighted mean . . . 



•94 

1-46 

1-43 

•85 

•65 



•92 



•85 
1^32 
1-43 
1^19 

•87 



•94 



•82 

•87 

•89 

1^02 

•74 



•83 



•74 

•91 

•40 

1^22 

1^31 



•80 



•81 

•77 
•59 
•89 
•71 



•78 



•76 
•09 
•96 
•78 
•59 



•81 



•82 
•07 
•95 
•99 
•81 



•85 





Women. 


Type of Accident. 


Factory A. 


Factory C. 
54 hrs. 
Weekly. 


Factory B. 






First 
Period. 


Second 
Period. 


Mean. 


Cuts 

Foreign bodies in eye 

Burns 

Sprains 

Previous injuries ... 


•82 

1^30 

1^09 

•95 

•64 


•76 
1^58 

•83 
1^00 

•87 


•74 
1^09 

•72 
M7 

•89 


•88 
111 

•88 
•76 

•57 


•80 
1-27 
•88 
•97 
•74 


Weighted mean 


•88 


•85 


■80 


•83 


•84 



divided into a ten-month period, when the men averaged 63J hours a week, and a subsequent three-month 
period, when they averaged 54 hours a week. During the first of these periods the women were working 
three shifts, and their accidents are classified separately in the next Table along with the similar data obtained at 
factory D ; but during the second period they worked the same hours as the men, and so their accidents are 
included in the table at present under discussion. 

At the bottom of the Table are given the means (weighted according to the relative numbers of accidents) 
of the ratios observed at the difierent factories, and it will be seen that, when taken as a whole, the night shift 
accidents were considerably less numerous at every factory than the day shift accidents. The means for the 
different factories correspond well, and on an average the night shift accidents were 15 per cent, less numerous 
m the men, and 16 per cent, less numerous in the women. The ratios for the various types of accident differed 
more widely. The eye accidents showed the greatest departure from the mean, as they were 7 to 27 per cent 
more numerous by night than by day. The cause of this— defective illumination— is dealt with in the sub- 
sequent section. The night shift previous injury cases were the least numerous of all, being on an average 
22 per cent, fewer than the day shift cases. From Table XVIII it will be seen that when the women worked 
three shifts their night shift accidents bore almost exactly the same relationship to the morning shift (6 am- 
2 p.m.) accidents as that shown in the data just discussed for night shift in relation to day shift The afternoon 
shift accidents, on the other hand, though occurring at a time (2 to 10 p.m.) distributed equally over the hours 
of the workers on the two-shift system, were rather more numerous than the morning shift accidents. 
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Table XVIII. — Ratio of Women's Aocidents in the Three Shifts. 



Type of Accident. 


Ratio of Afternoon Shift 

Accidents to Morning Shift 

Accidents. 


Eatio of Night Shift 
Accidents to Morning Shift 
Accidents. ;, 




Factory C. 


Factory D. 


Mean. 


Factory C. 


Factory D. 


Mean. 


Cuts 

Foreign bodies in eyo 

Burns 

Sprains 

Previous injuries 


•99 
1-55 
1^29 

•94 
1^08 


•99 
1^18 
•88 
•95 
•69 


•99 

1^36 

1^08 

•95 

•89 


•71 

1^29 

1-18 

•92 

•94 


•80 
•98 
•86 
•80 
•58 


•76 

1-14 

1^02 

•86 

•76 


Weighted mean 


1^05 


•98 


1-02 


•83 


•82 


•83 



We have seen that the alcohol consumption factor, in so far as it operates at all, must tend to increase 
the night shift accidents more than the day shift accidents. Artificial illumination acts in the same direction, 
and as will be pointed out in a subsequent section, the lower temperatures experienced during night shift hours 
likewise tend to increase the accidents. The only factor which would tend to reduce the night shift accidents 
to a lower figure than those of the day shift is speed of production, but this factor is not one of importance . 
The relative output of day shift and night shift workers has been discussed in detail in the " Interim Report " 
(p. 26), and it is there shown that when the shifts change over weekly or fortnightly the night shift output 
is on an a,verage only 1 per cent, less than that of the day shift, and in factory A, owing to the night shift 
system of spells of work and breaks being more suitable than that of the day shift, the night shift output was 
distinctly the bigger. i One may say, therefore, that if the factors of speed of production, alcohol consumption, 
illumination and temperature could be equalised in the day and night shifts, the night shift accidents would 
be even fewer than those recorded. It seems probable that they would not be more than two-thirds to three- 
fourths as numerous as the day shift accidents, and that the whole of this tremendous difierence must be ascribed 
to the influence of the psychical factor. Evidently the mind of the day shift worker, as compared wiih that 
of the night shift worker, is much more occupied with thoughts of matters unconnected with the work in hand, 
or in other words, he is much more careless and inattentive. If only the mental condition of the day shift 
workers could be transmuted to that existing in the night shift workers between 3.30 and 6.30 a.m., it may be 
safely predicted that their accidents would fall to about two-thirds. Doubtless the unavoidable monotony 
of most repetition work is largely responsible for the importance of the psychical factor, but even so something 
can be done in most factories to increase the mental concentration and so diminish the carelessness and m- 
attention of the workers. 



Accidents in Relation to Nuteition. 

No direct observations were made upon accident frequency in relation to the nutrition of the workers, 
because of the inherent difficulties of attacking the problem satisfactorily, but some indirect evidence on the 
point was obtained by tabulating selected medical cases, especially those of famtness. A feeling of faintness 
is occasionaUy due to genuine heart disease, but in the majority of cases it betokens exhaustion provoked by 
insufficient food, too long an interval from the last meal, or more strenuous physical labour than the worker 
is suited for In addition to medical cases recorded in the case books as faintness, giddiness and 
" cardiac " all of which have been tabulated under " faintness," a number of other cases were recorded as 
" sal-volatile administered." This mild stimulant was often given for faintness, but also m cases of hysteria, 
" nerves " headache, and occasionally in those of sickness and indigestion. The frequency with which it ^.as 
employed by difereAt nuxses varied greatly, and so the incidence data to be described are not so valuable 
aXoL reEg to faintness ; but in that the same nurses treated both male and female workers, the com- 
parisons between the relative frequency of treatment of the sexes ^f .^^^^^^f^^^^^^^ ^,^ths 

The actual numbers of faintness cases treated every hour are recorded m Table XIX tor the three months 
■ of the fatSe period (November-January, 1916), and for 20| months subsequently (viz February 1916 to 
jlniary 917 Ind April to December, 1917). The number of men's cases is very small, but their distribution 
cSespo^ds faMy weU with that in the women. In both sexes the cases rapidly increased during the morn ng 
corresponas ^^^^^ ^*'" " • • .-. , . i^ ^j. or the penultimate hour, ]ust as the accidents did. In the 

T"' '"\Stlev reSvS/m^^^^^^^^^ -orning, the ratio between the morning 

'^^^\*nf^S tJ^ tetXtoS tlSw Sies rea.mUed ikat of the .ccideBt oa»s, except th.t 
In the night shitt tne aisraioutiuii uj. Iricstead of the first hour. The relative proportions 

ihe maximum occurred in the -°-f^^^°if ,*^^^^^^^^^^^ This is to be expected, il the night 

of cases in the three spells l^k^^^ ^bS o^^ Wequate fool before starting work. However, the night shift 
shift would not sufier from the '^^^^^^^^^ "^^i^^Sn considerably in comparison with day shift conditions, 

TtSSortn S t^:^^^;^^^^ ^-* ^^— ^^- --^ '^ ^- '-'' - 

the men and the women. ^^ .^g^^^emr^mm^^'-''^ '^ 
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«PPn tw'ir'^''''^ °^ °^^^^ P®'' ^^'°°° ^^°^°^y workers are quoted at tlie bottom of the Table, and it will be 
seen Lnat tney were usually about three times greater in the women than in the men. In the fatigue period 
result actually nine times greater m the women, but the number of cases is too small to yield a reliable 

The sai- volatile cases vary much more than the faintness cases, and in the fatigue period they were twenty- 
tnree times more numerous m the women than in the men. Subsequently they were only two or three times 
niore numerous, both m day and night shift, and so we are afforded most striking evidence of the exhausting 
! t ^fii +1 ^^ °^ ^^^°^^ '^P°^ *^® women during the fatigue period. The hourly variations of cases 

treatea tell the same tale of excessive fatigue in the women. During the course of the morning spell the cases 
increasea nearly thirty-fold m the fatigue period, and seven-fold in the subsequent period, but in the men 
tney snowed only a three- or four-fold increase in both periods. Again, during the fatigue period the women 
treatea with sai-volatile were 42 per cent, more numerous in the afternoon than in the morning, but in the 
subsequent period, they were 6 per cent, less numerous. 

It IS interesting to note that in the last hour of the day and night shifts the sal-volatile cases fell off tre- 
mendously. In the night shift only three women were treated between 5.15 and 6.0 a.m., as compared with 
»b between 8 and 9 p.m., and in the day shift the number treated between 4.30 and 5.30 p.m. was not a third 
as great as those between 9.30 and 10.30 a.m. Presumably the exhausted workers preferred to struggle on 
until the end of the spell without assistance, as they knew that rest and relaxation were at hand. 

The faintness cases treated at Factory C were too few to yield an hourly incidence of any value, but the 
number of the cases, calculated per 10,000 workers per week, affords striking testimony as to the influence 
of hours of labour on their frequency. In the first statistical period (July, 1916-May, 1917), when the night 
shift men worked 69 J hours a week and the day shift men 57 hours a week, the former were treated for faintness 
nearly twice as frequently as the latter (c/. Table XX). From May-August, 1917, when the men worked 
only 60 hours by night, they did not faint so frequently as the day shift men. The women, who worked in 
three shifts of 37| to 48i hours during the first statistical period, fainted less frequently in the morning shift 

Table XX. — Faintness Cases at Factory C {Corrected to a 57 hr. Week). 



Men. 



Women. 



57 hrs.. 

Day Shift. 

69i hrs., 

Night Shift. 



48 hrs., 
Day Shift. 

60 hrs., 
Night Shift. 



37| or 47 hrs., 

Day Shift. 

48i hrs., 

Night Shift. 



48 hrs., 
Day Shift. 

60 hrs., 
Night SHft. 



Total cases per 10,000 workers per week- 

Day or morning shift 

Afternoon shift ... 

Night shift 

Total cases treated in statistical period — 

Day or morning shift ... 

Afternoon shift ... 

Night shift 



22 
35 



53 
103 



24 
19 



10 
10 



61 
86 
82 



33 

37 
46 



101 
101 



34 
43 



than in the afternoon and night shifts, and as the ratio of accidents in the two spells of the morning shift was 
as 1 to r02, they appear to have had an adequate breakfast before starting work. When the women's hours 
of work were raised to 60 by night and 48 by day, the faintness cases increased considerably, and they were 
now four or five times more numerous than in the men. Hence there can be no doubt that long hours of work 
tended to increase the frequency of faintness both in the women and the men. It should be stated that, all 
the cases recorded in Table XX for men and women have been corrected to a 57 hour week. 

A fairly reliable index of the daily incidence of faintness and sal-volatile cases at factory A was obtained 
by grouping together the data for the whole statistical period investigated, and these summated figures are 
quoted in Table XXI. They show that in women during day shift the faintness cases were at a maximum 
on Monday, and kept steady at a lower level during the rest of the week. During the night shift they were 

Table XXI.— Daily Variations of Faintness and Sal- Volatile Cases at Factory A. 



Type of Case. 



Sex of 
Workers. 



Time of 
Shift. 



Total Cases Treated on 



Sun. 



Mon. 



Tu. 



Wed. 



Th. 



Fri. 



Sat. 



Faintness 



Sal-volatile. 



1 



Men. .., 
Men ... 
Women 
Women 
Men ... 
Men ... 
Women 
Women 



Day . 

Night. 
Day . 
Night. 
Day . 
Night., 
Day . 
Night.. 



{B 12099) 



21 
83 
21 

77 



29 
26 

138 
85 
38 
24 

260 
97 



15 
11 

120 
77 
32 
19 

219 
75 



17 
11 

125 
71 
25 
29 

144 
63 



20 
14 

120 
78 
39 
20 

216 
85 



20 
9 

118 
88 
46 
19 

228 
72 



13 
122 

30 
174 
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at a maximum at the beginning and end of the week, and at a minimum in the middle The sal- volatile cases 
were very much more numerous on Monday than on any other day, and fell on Wednesday to a minimal value, 
35 per cent, less than the Monday value. Probably the week end break from work is too often spent in exhaust- 
ing pleasures rather than in rest, and so the worker starts her fresh week in rather a collapsed condition. _ iiie 
night shift cases were no more frequent on Sunday, the first night of the working week, than on other nights, 
but this may have been partly due to the fact that most workers are inclined to slack on that night, and tHere 
are more absentees. , , ■■ 

The relationship of these medical cases to accidents is only indirect, but one may assume that a worker 
who felt faint or needed sal-volatile would be more likely to suffer accidents than the perfectly normal worker. 
Hence the variable incidence of faintness and sal-volatile cases implies corresponding va,riationsin the pro- 
duction of accidents, though there is no means of knowing what fraction of the accidents is dependent on these 
conditions. One can only say that lack of adequate nutrition is a by no means negligible pre-disposmg cause 
of accidents. 

Accidents in Eelation to Natural and Artificial Lighting. 

The influence of lighting upon the incidenceof accidents has been investigated indirectly by the Departmental 
Committee on Lighting in Factories and Workshops (Cd. 8000, 1915). They found that accidents due to 
" persons falling " were distinctly more numerous in the winter months than in the summer, presumably 
because of the less adequate lighting. Other types of accident were not so evidently affected, but by making 
certain assumptions it was found possible to calculate indirectly the probable accident rate per hour for artificial 
and natural lighting, and it was found on an average for all industries that accidents were 29 per cent, more 
frequent under the former conditions than under the latter. 

The comparisons of day and night shift accidents recorded a few pages back appear to be in flat contradiction 
to this conclusion of the Committee, for we saw that in all of the factories the accidents were, on an average, 
some 16 per cent, less numerous by night than by day. Still, this deficiency might have been due to the over- 
powering influence of the psychical factor and of other conditions, so it was necessary to test the question directly 
by the same method as was applied by the Committee indirectly. It consisted in enumerating the accidents 
which occurred during selected hours of the day shift throughout the year. The hours chosen at factory A 
were : (a) periods aggregating four hours, viz., from 7 to 8.30 a.m. and 3.30 to 6 p.m., during which the lighting 
is almost entirely artificial in the darkest months (December and January) ; (6) the intervening six hours, 
from 8.30 to 12, and 1 to 3.30 p.m., during which the lighting is for the most part natural in the darkest months. 
In the lightest months of the year, viz., April to September, the lighting is, with rare exceptions, natural through- 
out the day shift hours. The cuts occurring in these four and six-hour periods were enum.erated (as a rule) 
over two monthly intervals throughout the 25|^ month statistical period, and the quotients of : — 

Oats during hours of artificial light ,r , , t- x. \ 

= — ^-2 ° — X (factor to equanse hours). 

Cuts during hours of natural light 

are recorded in Table XXII. If the cuts were just as frequent in the hours of artificial lighting as in those 
of natural lighting, the quotients would be unity. It can be seen from the Table that they never approached 
this figure. In fact, they averaged only '71 in the men and -74 in the women. The reason of these low values 
is that, as we have seen in previous sections, the workers waste a good deal of'time in starting and stopping 
work, and have a low speed of production, with its accompanyipg infrequency of accidents, in the early hours 
of the morning shift. Hence a fair comparison of accidents during the hours of artificial and natural lighting 
is scarcely possible. 

The seasonal variations in the quotients aSord comparatively little support to the doctrine of the harm- 
fulness of artificial lighting. Taking a mean of the quotients for men and women, we see that between 
February 1 and July 24, 1916, the quotients were considerably lower than in the preceding and succeeding 
months, but from July 25, 1916, onwards there was little or no correspondence between lighting and accidents. 
There was, in fact, a gradual rise of the quotients during the greater part of this period. This was probably 
due to the workers wasting less time in starting work, in consequence of the reductions in the weekly hours of 
labour. The percentage of time in the so-called artificial lighting hours (7 to 8.30 and 3.30 to 6) when the lighting 
was really artificial has been calculated on the assumption that lighting up occurred half an hour before sunset 
and ceased half an hour after sumise (Greenwich time). This assumption does not hold at all closely at difier- 
ent seasons of the year, but the data quoted are sufficient for the purpose, and indicate the lack of correspondence 
between accidents and lighting. 

As far as could be judged by inspection, the lighting at factory A was not so good as that at factories B, 
C and D, and this conclusion receives support from the ratios of night shift to day shift accidents quoted in 
Table XVII (p. 30). The mean ratios varied from -85 to -94 at factory A, but from -78 to -83 at the other 
factories, or in other words, night shift accidents were about 10 per cent, more numerous at factory A than 
at the other factories. Hence it was thought to be unnecessary to work out the relationship of the accidents 
at these factories to artificial and natural lighting, and one may conclude that at all the factories the lighting 
had very little influence upon accidents, except those to the eye. It does not necessarily follow that this 
conclusion is irreconcileable with the aforesaid conclusions of the Committee, because their data relate to a 
very large number of factories spread all over the kingdom, and probably the average lighting at these 
factories was not so good as that at the factories investigated by me. Still, the indirect method adopted by 
the Committee is liable to unknown sources of error which may completely vitiate the results. For instance 
the temperature factor — which is discussed in the next section — may well have been responsible for most or 
aU of the excess of accidents which they found to occur in winter months. 

The ratios of night shift and day shift accidents quoted in Tables XVII and XVIII showed that eye accidents 
occupy quite an exceptional position, in that they were usually more frequent by night than by day. At factory A 
they were 32 to 46 per cent, more numerous in men, and 30 to 58 per cent, more numerous in women. At factorv 
B they were 11 per cent, more numerous in the women, but the men showed no greater frequency of eye acci- 
dents than of any other kind of accident. At factory C the men showed only a slightly greater frequency of 
eye accidents than of other accidents, whilst the night shift women had 9 to 29 per cent, more eye accidents 
than the day shift. At factory D the men had 9 per cent, more eye accidents by night than by day whilst 
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the women, though they had slightly fewer eye accidents by night, still had 20 per cent more than the mean 
of all the accidents. Grouping the men and women together, one may say that factory A had the mosr nignD 
shift accidents, factory B the least, and factories C and D an intermediate number. Ihese variations corre- 
sponded with the difierences in the quality of the artificial lighting, so far as it could be judged by inspection. 
At factory A the lights, moderate in strength, were for the most part fixed about 10 feet above floor level ana 
not over the work. At factories B and D very bright lights were fixed the same height above tloor levei, 
and usually over the work at factory B, but not over it at factory D. At factory C very bright ngUts were 
fixed about 5 to 6 ft. from the ground and directly over the work, and the lighting would have been mucn 
better than at any of the other factories but for the fact that about half of the lights had shades whicii did not 
properly protect the workers' eyes from di^rect beams of light. • -ut t, i-f f 

The seasonal variations of eye accidents for both day and night sHfts are recorded m *^®/ig'^* ^^^^ °^ 
Table XXII. These data represent eye accidents per 10,000 lathe workers per week, corrected to a DSf Hour 
week for the day shift and to a 621 tour week for the night shift. The variations are more easily grasped 
from the curves reproduced in Fig. 10. These curves show that in the day shift men the eye accidents to some 
extent rose and fell with the degree of artificial lighti ng. This lighting is roughly indicated by the reproduction 
of the percentage values quoted in the Table. There is a tendency for the eye accidents to increase m number 
throughout the statistical period, but this is due, in all probability, to the relative increase m ttie proportion 
of male workers employed as tool setters, with their increased liability to eye accidents. The curve oi 
incidence for day shift women, so far from corresponding with the lighting curve, is for the most part dia- 
metrically opposed to it. The accidents are at a maximum from March to July, 1916, and at a numniiun 
from November to March, 1917, though it is true that they show a second maximum in November-December, 
1917. I am at a loss to explain this reversal of incidence, but whatever the cause it appUes almost as much 
to the women on night shift as to those on day shift, as can be judged from the third curve m the figure. Hence 
the unknown cause does not seem to be dependent on lighting. The men's night shift accidents are mode- 
rately steady throughout, except in the first four months of the statistical period, or show no seasonal variation 
similar to that observed by day. 
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The exceptionally low values observed in the men during the first four months of the night shift and -first 
month of the day shift are put in brackets as they are misleading. Previous to October, 1915, aU fiist-aid 
cases were treated in the workshops by semi-quaUfied men trained in St. John's Ambulance work, as there 
were no nurses. After this date qualified nurses were always in attendance at the dressing station, but the men 
often preferred to have foreign bodies in the eye removed by their semi-qualified friends in the shops, and it 
was only gradually that they were induced to seek the more skilled treatment available at the dressing station. 

The numbers quoted in the Table for the actual cases treated ia the statistical periods of November to 
January, 1916, do not include the cases which occurred between 6.15 and 8.30 p.m. 



Accidents in Relation to Tbmpekatdbe. 

Though it is obvious that low temperatures must tend to numb the fingers and diminish manual dexterity 
and so increase the frequency of accidents, no exact observations on temperature effects appear to have been 
made. This is the more astonishing as temperature may be one of the most important factors in accident 
causation. 

At a large factory it is almost impossible to determine the average diurnal and seasonal changes of tem- 
perature experienced by aU the workers, for not only are these workers employed in numbers of different shops, 
but temperatures vary greatly in difierent parts of the same shop. Hence temperature observations cannot 
be more than a rough approximation. At factory A thermometers were fixed in two of the main shops at 
about 5 ft. above fioor level. In the largest shop, about 400 x 180 ft., a hygrometer was placed near one end, 
and thermometers near the middle and the other end. In the smaller shop, about 200 x 200 ft., a recording 
thermograph and a hygrometer were placed almost in the centre. These instruments were usuallv read at 
about 9 a.m., 12, 3 and 6 p.m., and it was found that the average variations of temperature indicated by the 
thermometers in the big shop corresponded well with those in the smaller shop, though their gross average 
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temperature was 1-4* P. lower when artificial heating was in force, and 1-9° F. higher when it was lacking. 
The thermograph recorded the temperature of the smaller shop continuously from March 27 till October 8, 
1917, with the exception of two weeks. It was a glass-enclosed instrument, except at one end, and it had a 
considerable lag on the temperature changes of the shop. In the morning, when the temperature was gradually 
nsmg, it was generally about 1° ¥. too low, whilst at night, when the temperature was falling, it was corre- 
spondingly too high, but these errors are unimportant, as will be gathered from the data to be described. 
The thermograph was calibrated from time to time by means of the standardised hygrometer at its side. 

From the thermograms the average temperature of the shop during each spell was determined according 
as it fell between 60° and 64-9°, 65° and 69 • 9°, and so on. The cuts treated in the spell were counted, and the 
average number of cuts per spell for each temperature interval is recorded in Table XXIII. The artificial 
heating (steam pipes 8 ft. above floor level) was so effective that the temperature of the shop did not often 
fall below 60°, and I never knew it below 53°, even when the external temperature was below freezing point. 
Grouping together all the data obtained at temperatures below 60°, we see from the Table that on an average 
the men experienced 3-67 cuts in each morning spell and the women 4-43 cuts. At 60°-64° they experienced 
3-65 and 4-00 cuts respectively, and at 65°-69° 3-40 and 3-42 cuts respectively, or in each case there was a 
slight diminution with rise of temperature. At 70°-74° there was a sharp rise in the number of accidents, 
but not much weight can be attached to the values quoted as they depend on only three sets of observations 
each. As far as the data go, however, it appears that in the morning spell the optimum temperature was from 
65° to 69°. In the afternoon spell the optimum was at 70°-74° for men and at 65°-69° for women, and there 
was a marked increase of accidents at the higher temperatures. The night shift data are not so reliable as 
those for the day shift as the number of cuts per spell was only a fourth to half as great, but the figures in the 
table show that in the 6.30 to 10.30 spell the optimum temperature was at 65°-69° for women, and, practically 
speaking, ranged from 60° to 74° for men. In the 11.30 to 3 a.m. spell it was at 65°-69° for men and at 
60°-64° for women. The accidents in the 3.30 to 6.30 spell are exceptional in that they were least numerous 
at temperatures below 60°. As this inversion held both for the men and the women it looks as if there were 
some special cause. Perhaps the workers tended to lower their speed of production considerably in these 
early morning hours when it got cold, and so spared themselves from accidents. , 



Table XXIII. — Accidents per Spell at 


Factory 


A in Relation to Temperature. 








59° or Less. 


60° to 64°. 


65° to 69°. 


Time of Spell. 






















Men. 


Women. 


Mean. 


Men. 


Women. 


Mean. 


Men. 


Women. 


Mean. 


Day shift — 




















7 to 12 


3-G7 


4-43 


4-05 


3-65 


4-00 


3-82 


3^40 


3^42 


3-41 


lto6 


— 


— 


— 


4-71 


4-28 


4-49 


4-54 


4-10 


4-32 


Night shift— 




















6.30 to 10.30 


2-33 


1-83 


2-08 


1-94 


1-79 


1-86 


2-04 


1^77 


1-90 


11.30 to 3 


1-21 


1-92 


1-56 


1-60 


1^25 


1^42 


M7 


1^29 


1-23 


3-30 to 6.30 


•89 


•89 


•89 


1-06 


•97 


1^01 


1-27 


1^08 


1-17 


Total number of spells 




















investigated 


44 


44 


88 


244 


244 


488 


250 


250 


500 





• 70° to 74°- 


75° or more. 


Time of Spell. 


Men. 


Women. Mean. 


Men. 


Women. 


Mean. 


Day shift — 

7tol2 

1 to 6 

Night shift— 

6.30 to 10.30 

11.30 to 3 

3.30 to 6.30 


4^33 
3^70 

1^97 
1^30 


6^00 
4-87 

1^90 
2-00 


5-16 
4-28 

1'93 
1-65 


5-90 
2^86 


5-10 
2-14 


5-50 
2-50 


Total number of spells investigated ... 


75 


75 


150 


17 


17 


34 



The temperature effect is more easily grasped by taking the mean number of accidents in each spell at 
65°-69° as unity, and calculating the relative accident frequencies in the other temperature intervals. These 
relative values are recorded in Table XXIV, and from their means we see very clearly that the accidents reached 
their minimum at a temperature of 65° to 69° F. At lower temperatures there was only a slight rise, but if the 
abnormal values observed during the 3.30 to. 6. 30 a.m. spell be disregarded, the rise is much more considerable, 
viz , 7 per cent at 60°-64°, and 18 per cent at 59° or less. At temperatures above 69° the rise is much sharper. 
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Table XXIY .—Relative Freque^icy of Accidents at Factory A in Relation 


, to Temperature. 


Time of Spell. 


59° or less. 


60° to 64°. 


65° to 69°. 


70° to 74°. 


75° or more. 


Day shift — 

7 to 12 

1 to 6 

Night shift— 

6.30 to 10.30 

11.30 to 3 

3.30 to 6.30 


1-19 

1-09 
1-27 
0-76 


1-12 ' 
1-04 

0-98 
1-15 
0-86 


1-00 
1-00 

1-00 
1-00 
1-00 


1-51 
0-99 

1-02 
1-34 


1-27 
1-32 


Mean 


1-08 (1-18) 


1-03 (1-07) 


1-00 


1-21 


1-30 



At factory A it was impossible to obtain practically any accident data at temperatures below 55 because 
of the excellence of the artificial heating, but at factories B, C and D the heating was less etticient. JNo 
systematic observations of temperature were made in the factories themselves, but I was able to obtain a com- 
plete set of observations of external temperatures from a meteorological station situated withm a miie ol 
factories B and D, and four miles from factory G. These observations consisted of daily readings of maximal 
and minimal thermometers, and of actual temperatures at 10 a.m. and 4 p.m. The external temperatures 
during the various spells were roughly ascertained from these data in the following way : — 



Spell of worh. 

Day shift — • 

6 to 9 a.m 

9.30tolp.m 

2 to 5 or 6 p.m 

Night shift— 

5.30 or 6 to 9 p.m. 

9.30 or 10 to 1.30 or 2 a.m. 

2 or 2.45 a.m. to 6 a.m. ... 



Approximate external temperature 
indicated by : 

Mean of 10 a.m. and minimum. 
Mean of 10 a.m. and maximum. 
4 p.m. 

Mean of 4 p.m. and minimum of next day. 
Minimum of next day. 
Minimum of next day. 



As the minimum temperature generally occurred at about 4 to 8 a.m., it roughly indicated the temperature 
during the last two spells of the night shift which started the evening of the previous day. The mean tem- 
perature during the monthly periods which is quoted in subsequent Tables was determined by taking a mean 
of the maximal and minimal temperatures. 

The total cuts per 10,000 workers per week at factory B were counted over monthly periods, and are 
recorded in Table XXV. These data show that as the external temperature fell from a mean of 51 • 3° in 
October to a minimum of 34-7° in February, the women's accidents, both by day and by night, increased in 
rough correspondence till they were finally twice their number. In subsequent months when the temperature 
rose they fell off considerably, but this was partly due to reduction of output caused by the re-arrangement 
of the plant. These alterations lasted from about February 25 till April 21, and the relative output data 
quoted in the Table (total shell output t- number of male + female workers) show that in consequence the 
output was temporarily reduced to a third its previous maximum, and did not fully recover until June. In 
the men there was likewise a rise and fall of accidents corresponding to the rise and fall of temperature, but 
it was not so marked as in the women. 



Table XXV 


--Accidents per Month at Factory B 


in Relation 


to Temperature. 






Cuts per 10,000 Workers per Week. 














Mean 


Relative 


Average 
ofWor 


Number 








kers in 


Statistical Period. 


Day Shift. 


Night Shift. 


External 


Output 


Factory. 








Tempera- 


of 
















ture. 


Shells. 








Men. 


Women. 


Men. 


Women. 






Men. 


Women. 


Oct. 4 t6 Oct. 31 


566 


634 


634 


520 


51-3° F. 


114 


1,317 


702 


Nov. 1 to Nov. 28 


637 


746 


484 


540 


45-3 


108 


1,342 


731 


Nov. 29 to Dec. 30 


787 


1,110 


713 


959 


39-1 


123 


1,354 


730 


Dec. 31 to Jan. 27 


847 


1,015 


695 


815 


37-3 


118 


1,411 


724 


Jan. 28 to Feb. 24 


988 


1,294 


623 


1,069 


34-7 


104 


1,397 


823 


Feb. 25 to Mar. 24 


(825) 


(742) 


(525) 


(563) 


38-9 


56 


1,237 


1,031 


Mar. 25 to Apr. 21 


(586) 


(742) 


(465) 


(742) 


40-0 


40 


989 


1,246 


Apr. 22 to May 19 


646 


931 


540 


826 


51-7 


94 


936 


1,355 


May 20 to June 23 


615 ; 997 


635 


943 


62-0 


110 


748 


1,304 


June 24 to July 21 


730 


1,139 


640 


1,158 


61-0 


133 


718 


1,330 
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and we^gtupTd Td ttlTeraSS^t * 7^ °\^^^-?7^^^ *^« --<!-*« -re enumerated in each spell, 
from November 1 to PeS?y 2? wht fl,l .' external temperature. A 16-week interval was chosen, viz , 
close relationship between externarJpL. r^^"* T" ^^f^ '^'^^^' "^^ *^" "^^^^ ^^ ^able XXVI show a 
30 temperature Lervlls^n the vtl ^ li""'^ ^""^ accidents m most of the spells. During three of the 
calculated from ^hrother^Xes Their l""" ^'*' -/« available, so the figures in brackets have been 
on an average 2 • 84 cutSpIr sneil 2^.ZT ^f ^^'^8^'' '* f' ^°°* °^ *^' ^^^^' ^^°^ *^^* *^« ^°^«^ «^ffered 
rise of temperature tie nSer oftuts traS!llv Si T^'^Tr ' '* "'^ ^f °^ ^^T"^ P°^"*' ^"^^l *^^* ^'^'^ 
temperature was above 4^ In otw 3^,7 ^ ^T^^/ ^ ^'"'''^^^ "^^^^^ °^ I'l^ ^^«^ *iie external 
on tL coldest days as on the warLT^ T^^ ' ^^''^.^'J ff^^*"^ ^''^rly two and a half times as many accidents 
twice as many accTdents 7h^.tr^ ^T'"" ^T '^'t^^^ ^^'' susceptible, but even they suffered more than 
large factory doors ha^freJiTv?otn'^^'^^^^^ efiect was probably due in large part to the fact that 
temperature at one end of thX Lt ^\°P"'^"^.^'^ °^der to admit trucks containing material, and so the 
P ar one end of the factory might sometimes fall temporarily almost to that of the outside. 



Time of Spell. 


Women. 


Men. 


32° or 

Less. 


33°— 
37°. 


38°— 
42°. 


43°— 

47°. 


48°— 
More. 


32°— 
Less. 


33°— 

37°. 


38°— 
42°. 


43°— 
47°. 


48° or 
More. 


Day shift — 

6 to 9 a.m. 

9.30 to 1p.m. ... 

2 to 6 p.m. 
Night shift— 

6 to 9 p.m. 

10 to 1.30 a.m. 

2to6a.m 


2-40 
3-57 
(3-98) 

3-46 
1-94 
1-68 


2-20 
1-85 
2-97 

2-71 
1-61 
1-36 


1-60 
2-14 
3-07 

1-67 
2-10 
1-20 


1-33 
2-10 
2-75 

2-00 
0-64 
0-50 


0-75 
1-36 
2-14 

1-91 
(0-48) 
{0-38) 


3-05 
4-43 
(5-65) 

4-38 
2-94 
2-15 


2-76 
2-97 
4-31 

2-93 
2-25 
2-03 


2-20 
3-36 
4-00 

1-50 
2-20 
2-60 


1-57 
3 -,82 
3-67 

2-31 
1-79 
1-50 


0-88 
2-29 
3-18 

1-82 
(1-29) 
{1-08) 


Average number of cuts 
ia each spell 


2-84 


2-12 


1-96 


1-55 


1-17 


3-77 


2-88 


2-64 


2-44 


1-76 


Total number of spells 
investigated 


111 


219 


97 


69 


68 


111 


219 


97 


69 


68 



At factory C the heating was arranged on an inefficient system, as hot air was blown down on to the heads 
of the workers from pipes fixed m the roof. Under the most favourable conditions the factory temperature 
taken at a height of 6 ft. above floor level, could not be kept more than 18° F. above the external temperature' 
and as the temperature at floor level was several degrees below that at head level it was probably only 12° 
to 15° above external temperature, on an average. As can be seen from the data in Table XXVII, the women's 
cuts (a mean of morning, afternoon and night shift values) increased steadily from October till January- 
February, when a minimum external temperature of 32-9° was reached, and then diminished steadily with 
rise of temperature. Then men's cuts (a mean of day and night shift values) vary in accordance with tempera- 
ture variations from December 17 onwards, but in the first two monthly periods, 'viz., from October 8 
to December 16, they are in excess of expectation. I do not know the cause of this abnormal number of 
accidents, but it may have been due to lack of some of the protective labour saving devices which were intro- 
duced from time to time into the factory. The relative output of the factory is quoted in the Table, and it 
will be seen that it was rather smaller in these two months than in the subsequent periods, during which it 
remained nearly constant. The output consisted of shells and of adapters (the thick plug screwed into the 
base of the shell) in numbers which did not as a rule correspond with one another. The machining costs of a 
shell were about six times as much as those of an adapter, so the relative output was obtained by dividing the 
number of shells + |th the number of adapters by the number of (two shift) male workers -|- f rds the number 
of (three shift) female workers. 



Table XXVII.- 


—Accidents per Month at Factory C in Relation to Temperature. 








Cuts per 






Average Number of 






10,000 Workers per 


Mean 


Eelative 


Workers in 






Week. 


External 


Output 


Factory. 


Statistical Period. 






Tem- 
perature. 


of 

Shells. 


















Men. 


Woinen. 






Men. 


Women. 










Deg.Fahr. 








Oct. 8 to Nov. 4 




1,168 


769 


49-5 


85 


1,291 


312 


Nov. 5 to Dec. 16 




1,189 


841 


42-1 


88 


1,280 


410 


Dec. 17 to Jan. 20 




1,086 


1,035 


38-9 


103 


1,282 


500 


Jan. 21 to Feb. 17 




1,148 


1,030 


32-9 


101 


1,241 


592 


Feb. 18 to Mar. 17 




.885 


801 


38-6 


106 


1,147 


718 


Mar. 18 to Apr. 20 




801 


754 


40-3 


106 


1,068 


779 


Apr. 21 to May 12 


r 


644 


601 


51-3 


106 


1,002 


718 
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The accidents per spell at factory C were enumerated over a 20- week period (November 5 to April 20), 
and it will be seen from Table XXVIII that with rise of temperature they diminished in all of the spells 
except those from 9.30 p.m. to 6 a m. The mean values show a regular gradation, and indicate that _ in 
women the accidents were 48 per cent, more numerous when the external temperature was at or below freezing 
point than when it was at or above 48°, whilst in men they were 39 per cent, more numerous. 



Table XXVIII.- 


-Accidents per Spell at Factory C in Relation to Temperature 


' 






Women. 


Men. 


Time of Spell. 












• 












32° or 


33°— 


38°— 


43°— 


48° or 


32° or 


33°— 


38°— 


43°— 


48° or 




Less. 


37°. 


42°. 


47°. 


More. 


Less. 


37°. 


42°. 


47°. 


More. 


Day Shift— 






















6 to 9 a.m 


1-75 


1-08 


1-05 


0-64 


0-87 


4-33 


2-95 


2-63 


2-33 


2-29 


9.30 to 1p.m. 


3-00 


2-09 


1-91 


1-46' 


2-00 


4-82 


4-06 


3-97 


3-53 


3-43 


2 to 5 p.m 


(1-80) 


1-61 . 


1-52 


1-86 


1-27 


(4-08) 


3-57 


3-63 


2-81 


2-36 


Night Shift— 






















5.30 to 9 p.m. 


1-56 


1-77 


1-14 


1-73 


1-00 


5-61 


4-68 


2-93 


4-92 


4-10 


9.30 to 2 a.m. 


1-44 


1-80 


1-83 


1-42- 


(1-28) 


3-96 


4-24 


2-33 


4-00 


(3-59) 


2.45 to 6 a.m. 


0-74 


0-84 


0-83 


0-58 


(0-52) 


2-14 


2-33 


2-50 


2-42 


(2-17) 


Average nuiiber of cuts 






















in each spell 


1-72 


1-53 


1-38 


1-28 


1-16 


4-16 


3-64 


3-00 


3-33 


2-99 


Total number of spells 






















investigated ... 


162 


267 


142 


85 


64 


162 


267 


142 


85 


64 



The data obtained at factory D are recorded in Table XXIX. They show that the women's accidents 
increased steadily from a minimum in October to a maximum in January, when a minimal external tem- 
perature of 34-3° was reached, and then subsided again with rise of temperature. The men's accidents, on 
the other hand, fell off steadily right through the statistical period, although the relative output of shells was 
meanwhile increasing two or three fold. The probable reason of this has been mentioned previously. It was 
due to the men being largely occupied in installing the plant at the beginning of the statistical period, and 
this type of work appeared to cause more frequent accidents. On the other hand, the women kept at the 
same kind of work throughout, being taken on increasing numbers as the lathes were got into running order. 



Table XXlX.—Accideiits per Month at Factory D in Relation to Temperature. 



Statistical Period. 


Cuts per 

10,000 Workers per 

Week. 


Mean 
External 

Tem- 
perature. 


Relative 
Output 

of 
Shells. 


Average 

Number of Workers 

in Factory. 




Men. 


Women. 


Men. 


Women. 


Oct. 8 to Nov. 4 

Nov. 5 to Dec. 2 

Dec. 3. to Jan. 6 

Jan. 7 to Peb. 3 

Feb. 4 to Mar. 3 

Mar. 4 to Mar. 31 

Apr. 1 to May 5 


610 
507 
482 
443 
377 
372 
249 


275 
338 
360 
408 
319 
306 
274 


Deg. Fahr. 
49-5 
44-6 
39-9 
34-3 
36-7 
38-5 
48-5 


48 
51 
87 
107 
103 
129 
118 


1,581 
1,643 
1,593 
1,568 
1,378 
1,291 
1,257 


609 
725 
840 
920 
1,088 
1,159 
949 



The output at factory D consisted of 9 • 2-inch. and 15-inch shells, and as the machining costs of these 
latter shells were 3 -3 times those of the former, the relative output was determined by dividing the total 
number of 9-2inch shells + 3 -3 times the number of 15-inch shells by the number of (two-shift) men + two- 
thirds the number of (three-shift) women. ' 

The accidents per spell at factory D were enumerated over a 22-week period (November 5 to April 2\\, 
but the available data were not sufficiently numerous to yield regular results for the individual spells, so only 
the average values are quoted m Table XXX. From these average values we see that in women the number 
of cuts dimmished regularly with rise of external temperature. The effect was not quite so great as at 
factory C, the extreme values varymg as 1 -01 to -71, or by 42 per cent. In the men, however the cuts 
were more numerous at the higher temperatures than at the lower, because most of these higher ten^peratures 
hT^ic '"^ ^'^ ' '^*'°''' ^'''* mentioned, the men experienced a greater accident. 
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Table XXX.—Accidents per Spell at Factory D in 


Relation to Temperature. 




Sex of Workers. 


32° or Less. 


33° to 37°. 


38° to 42°. 


43° to 47°. 


48° or More. 


Women 

Men ... 


1-01 
1-49 


1-00 

1-77 


0-91 
1-67 


0-72 
1-87 


0-71 
1-89 



• /^/' *^^''^*°f ' *liat at each of the three shell factories B, C and D, the women's accidents greatly 

mcreased during cold weather. The men's accidents increased, though to a less extent, at two of the three 
fectories, and but for exceptional conditions would have increased at the third factory likewise. At factory 
A there was no detectable seasonal change in the number of accidents, as can be seen by consulting Table XI 
(p. 24), and so there can be very little doubt that if the shell factories had been more adequately "heated the 
whole of the seasonal increment of accidents might have been avoided. The data collected at factory A 
show that, m order to reduce accidents to a minimmn, the temperature should be kept at 65° to 69°, but 
probably not much harm would be done so long as it was not allowed to fall below about 55°. As tke tem- 
perature falls below 50°, however, there can be little doubt that accidents increase very rapidly. An external 
temperature at freezing point probably meant an internal temperature of about 45° at factory C, and a 
temperature of 40° or less at certain parts of factory B, and we saw that under such conditions the women's 
accidents were respectively 48 and 143 per cent, greater than when the external temperature was above 
47°. 

It is probable that the optimum temperature for accident limitation is higher than the optimum for 
output. In the last column of Table XI are recorded the mean temperatures at factory A during the six 
months April 2 to October 6, 1917, and in relation to these temperatures we see that though output increased 
slightly between December, 1916, and June, 1917, it fell ofE during the hottest months (June 11 to August 4), 
when the mean tempsrature was 67° to 69-6°, and then rose again considerably in the next two months, when 
the mean temperature was two or three degrees lower. Again, in 1916 the output, which had been increasing 
tteadily during the spring and early summer, fell off a little in the men during July, whilst it fell ofi slightly 
in the women from June 27 to September 18, and then rose again considerably in the autumn months. It 
is not possible to draw very definite conclusions as to the influence of temperature from the means of values, 
the extremes of which varied by about 20°, but there can be do doubt that 65° to 69° is too high for 
optimum output, and that 60° to 64° is more suitable. In that the accident frequency is only slightly greater 
at this latter temperature than at the former, one may conclude that so far as possible the temperature of 
engineering works should be kept at a temperature of 60° to 64° F. 

Humidity. — Numerous wet bulb temperature observations were made inside and outside factory A 
during the day, and a limited number of observations during the night, but they do not call for much dis- 
cussion. The humidity was generally somewhat less in the factory than in the air outside. On an average of 
11 to 15 observations in each month, the outside air was found to be 71 pei cent, saturited with moisture in 
March, 1917, and the factory air 59 per cent, saturated. In May the values were 56 and 58 per cent, respec- 
tively ; in July, 68 and 62 per cent. ; and in October, 69 and 61 per cent. 

No observations whatever were made upon the efiects of ventilation. The ventilation seemed adequate 
in all of the factories, and appeared specially good in factories C and D. 



A Comparison of Accident Frequency in Different Factories, and in Men and Women. 

The numbers of the various types of accident at the several factories are recorded in Table XXXI. 
These numbers show the cuts and eye accidents per 10,000 lathe (and other cutting tool) workers at factory A, 
but in every other instance they are calculated per 10,000 factory workers. The data obtained at factory A 
are split into two groups, according as they occurred between February, 1916, and April, 1917, or in the 
subsequent reduced alcohol period. Those at factory C likewise relate to two periods, but those of the first 
period except the eye accidents, are watered down by the inclusion of a large proportion— probably a third 
or more— of re-dressings, so they are put in brackets in the Table. Those of the second period, however, 
include only a few re-dressings. The data from factory B probably include re-dressings to the 
extent of nearly a third their number, but those of factory D, like those of factory. A, are entirely 

ThrcoMi'derably greater accident frequency of the men at factory A in the second period than in the 
first is due as already stated, to speeding up of production, and to the relative increase m the number of 
men employed in the more dangerous tool setting. The women, who were not subject to the second ot these 
disabilities showed a much smaller increase. At factory D the frequency of the various types of accident 
suffered by the men corresponded closely with those at factory A, but the women, though their cuts and 
sprains corresponded, suffered about eight times more frequently from burns and four times more feequeiitly 
from eye accidents than the factory A women These greatly increased frequencies were due chiefly to the 
WnJs from the steel shells being larger and hotter and more liable to jump out from the lathe than the 
small aluminium and brass turnings met with m fuse manufacture. ^ . . ■ a a t^ -f 

At factories B and C (second period) the men's cuts were about as frequent as at factories A and D, if a 
modeTJe allowance be made for the re-dressings included, whilst eye accidents, which need no correction 
SthTs sort Tere rather less numerous. Sprains were two to four times more nmnerous at factory B than 
at the other Tactories, and in the women they were three to five times more numerous. The reason of this 
tthat the 6- nch shells manufactured in the factory had a weigh1>-about 80 lb. in the finished condition- 
:Sif t^o^rit for any but ^^^£0.,^^-^^^^^^!^^^^^^^ 

rnufSS? aT riS^V ^d^D IX wrgft^itl; J lb., in the rough-which necessitated their 
Sn^moved by tackle under all cfrcumstances, so the risk of sprams was greatly reduced. 
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The previous iniuiy cases treated at factory B were four times more numerous ia the men, and five to 
nine times more numerous in the women, than those at factories A and D. I think that this excessive number 
of cases was due largely to the carelessness of the nurses in failing to record which were first dressings and 
which were not, for they seemed specially remiss about this class of case ; but there can be no doubt ttiat 
these cases were exceptionally frequent, or the workers at this factory were more negligent m attending 
the dressing station than those at the other factories. They were of a lower social status than the workers 
at factory C, though about the same as those at factory D. . 

The women at factory B experienced many more cuts than at factories A and D, even after allowance 
is made for the inclusion of re-dressings. Probably this was due in part to the habit of moving the heavy 
shells by hand, but it was also a fatigue efiect, for the women generally worked a 63-hour week, ihe tact 
that the women in factory C suffered more cuts and other accidents in the second statistical penod than m 
the first, in spite of the considerable error introduced in the records of this first period through the inclusion 
of re-dressings, was likewise due to fatigue to some extent, but it was also dependent on the longer hours 
worked, viz., 54 a week, on an average, as compared with 44^ hours. The frequency of burns and eye accidents, 
noted in factory D, extends to factories B and C, and is dependent on the same cause. 

It should be stated that the day shift data of the women at factories D and C (first period), which are 
quoted in Table XXXI, relate to the morning shift only. t i. jti 

Further light is thrown on accident causation by comparing the relative frequency of the different types 
of accident in men and women. Table XXXII shows the ratios of women's accidents to men s accidents 
taken as unity, for the same statistical periods as in the preceding Table, an appropriate correction havmg 
been applied when the hours of work were unequal. We see that at factory A the cuts, burns and eye acci- 
dents were only a fourth to two-thirds as numerous in women as in men. This depended on the less risky 
character of their work. The sprains, on the other hand, were 47 per cent, to 88 per cent, more numerous 
in the women than in the men, or taking the other accidents as a standard, one may say that sprains were 
relatively three times more numerous in the women than in the men. The majority of these sprains were 
wrist sprains incurred in pushing home the lever which clamped the fuse part in the lathe. Evidently this 
clamp was designed for men with stronger wrists, and it would be quite easy by lengthening or otherwise 
altering it, to make it more suited to the weaker wrists of the women. Thereby a considerable number of 
these sprains would be prevented, and a by no means negligible amount of wasted time be saved. 

In that the work at factories B, C, and D was very similar in character, one would expect to find similar 
ratios between the women's and men's accidents. It will be seen that at each of the factories the men and 
women had nearly equal numbers of cuts. The eye accidents were generally more numerous in the women 
than in the men, especially at factory B, whilst the burns were two to five times more numerous in the women. 
These frequent burns were due chiefly to the hot metal turnings jumping out from the lathe and burning 
the hands, and so it might be worth while for the women to protect their hands by wearing gloves. The 
sprains were nearly twice as numerous in the women as in the men at factories C and D, where '9-2-inch 
and 15-inch shells were made, and showed a similar excess at factory B, where 6-inch shells were made. 
Hence it is probable that the liability of women to sprains is inherent, and cannot be altogether avoided by 
more suitable mechanical appliances. 

Nearly half of the previous injury cases are neglected cuts, and so the number of cuts treated affords 
some measure of the number of possible previous injury cases. We see from the table that in comparison 
with the cuts the women generally showed a considerably larger proportion of previous injury cases than 
the men. In other words, they were more negligent in attending the dressing-station when they cut them- 
selves. 

In addition to the types of accident classified and recorded, a certain number of other accidents were 
treated at the factories. They are divisible into two classes — (a) those connected with work at the factory, 
such as bruises, abrasions, trapped fingers, injuries from broken belts, metal splinters in fingers, and nails 
torn ; (&) those unconnected with work at the factory, such as bicj'cle accidents, cuts done at home and at 
meals in the canteen, and scalds from tea making. At factory A all these unclassified accidents were enumerated 
for a month, and when calculated out per 10,000 workers per week they came to the following totals : — 



Men. 



Day 

Shift. 



Night 
Shift. 



Women. 



Day 

Shift. 



Night 
Shift. 



(a) Accidents connected with work 

(b) Accidents not connected with work 



56 
31 



102 
46 



102 

54 



69 
26 



148 



156 



95 



TiiE Prevention of Industrial Accidents. 

The identification and evaluation of the various factors concerned in the causation of industrial accidents 
is a matter of theoretical interest, but the importance attaching to the problem depends chiefly on its practical 
application to the reduction or elimination of accidents. In the present study no attempt whatever has been 
made to investigate certain factors, such as defects of machinery and absence of guards, but with this excep- 
tion, I believe that most of the other factors have been . referred to, though they are very far from being 
worked out completely. The practical application of the conclusions arrived at has been pointed out briefly 
in several instances, but it is worth while to recapitulate the evidence as a whole. 
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In the first place, it is well to recognise that many industrial accidents, probably the majority of them, 
are unavoidable, and that at best one can only hope to reduce their number, and never to eliminate them 
entirely. Moreover, we have seen that speed of production is an extremely important factor in their causa- 
tion, and often the most important factor of all, so any improvement of factory conditions which increases 
speed of production inevitably tends to a more than proportional increase of accidents. Accidents depend, 
in the main, on carelessness and lack of attention of the workers, and so the more one can eliminate this lack 
of attention and increase the concentration of the worker upon his work, the more will accidents be reduced. 
As has already been pointed out, one wants to induce in all the workers throughout, their hours of labour the 
same mental outlook as is present in the night shift workers in the early hours of the morning. These workers 
have for the most part forgotten the pleasures and excitements indulged in shortly before coming on to night 
shift, and they have nothing but an unexhilarating breakfast and bed to look forward to. Such a mental 
state is impossible of achievement by the day shift workers, but something in the way of mental calm and 
equilibrium can be attained by stopping all conversation except that relating to the work in hand. If the 
workers would consent to it it would be a good plan to induce temporary deafness by plugging the ears, and 
so shut out the noise of the machinery, which is in itself an important cause of distraction and fatigue. Again, 
if it were practicable — ^though it is seldom that it can be so — it would be of value to shut out the sight of 
surrounding objects by separating the lathes or other machines from one another by partitions. The worker, 
left to himself without sounds or sights to distract his attention, could then concentrate himself entirely on 
the work in hand. It might be said that the monotony would be so great that nobody would stand it, but 
would it not be better to work for, e.g., two 3 or SJ-hour spells every day under such conditions if the worker 
could thereby earn as much as he does under present conditions in two 4-hour spells 1 However, these 
conditions are mentioned only as an ideal, which should be aimed at whenever possible. 

The careless habit of mind can also be diminished by stricter sobriety. There can be no doubt that the 
less alcohol the worker consumes the better it is for the quality and quantity of his work, and for his accident 
immunity. This applies especially to alcohol consumed by the day shift in the dinner hour and by the night 
shift shortly before coming on to work. The inclination of the day shift worker to drink during his dinner 
hour can be combated to some extent by establishing factory canteens, where good food is obtainable at cost 
price, or slightly below it. The worker would then find it more convenient to stay in the works during his 
dinner hour than to go home, and so would escape the temptation of drinking. The temptation to the night 
shift worker can be reduced by arranging that the shift start work at a time when the public houses are closed, 
e.g., at 6 or 6.30 p.m., as was done in factories C and D, and in factory A until October, 1917, instead of at 7.0 
or 8.0, as was done in factory C (second period) and factory A after October, 1917. 

The production of excessive fatigue with its accompanying increase of accidents can be almost entirely 
avoided by choosing suitable hours of labour. It can also be combated by the introduction of seats for the 
standing workers to rest on occasionally when they are not actually working, and of the most suitable seats 
possible for sedentary workers. These and other appliances for reducing fatigue appear to have been 
introduced to a larger extent in America than in this country.* 

We have seen that even moderately defective lighting produced a considerable increase of eye accidents, 
and it is probable that it had some efiect on other types of accident as well, though it was not big enough to 
be detectable. Hence the adequacy of the lighting of a factory should be tested from time to time by an expert, 
whilst the eye accidents could be reduced or eliminated by the use of suitable goggles. Though it might not 
be worth while to insist on the majority of the workers using these goggles, it should be made a rule that they 
be worn by the grinders of tools, and other specially exposed workers. 

The importance of the temperature factor in accident causation is so evident as to need but little dis- 
cussion. Thermometers ought to be installed in the shops, and be consulted regularly by those in control of 
the heating. In my experience most engineers try to work against the laws of nature by fixing their steam 
pipes some 8 ft. or more above the heads of the workers. Doubtless their object is to get this apparatus out 
of the way of their machinery, but it means in practice that the larger part of the heat ascends in a current of 
hot air to the roof of the building, whilst only a smaller part reaches the workers below, and even then it reaches 
their heads rather than their feet. It is important that the heating apparatus should be on the floor or a 
few feet above it, so as to warm the feet rather than the head. With a little forethought and arrangement 
it would not be difficult to instal hot water radiators between the lathes and machines, and in fact this system 
is adopted in some of the newest factories. 

And finally it may be asked : To what extent would these remedial measures reduce accidents if they were 
adopted thoroughly ? No definite answer can be given, as the improvement produced must needs vary greatly 
in diSerent factories. For instance, an improvement of the temperature conditions at factory B would reduce 
the accidents considerably, but at factory A would produce very little eSect indeed, as the conditions were 
already almost as good as they could be. Conversely, improved lighting would considerably reduce the eye 
accidents at factory A, but not at factory B. But there can be no doubt that some reduction of accidents. 
is possible at every factory, though it may be only 10 per cent, or 20 per cent, in a well-managed factory, 
or 50 per cent, in a badly-managed one. In all large factories the factors concerned in accident causation 
should be worked out as fully as possible, and the efiects of the remedial measures be thoroughly tested 



SUMMARY. 

Accident data were collected at four factories, for periods of 9 to 25i months. The accidents, over 
50,000 in number, were classified separately under the headings of cuts, foreign bodies in the eye, burns, sprains, 
and injuries incurred one or more days before they were first treated. Eye accidents aiJorded the most reliable 
index of accident incidence, as they were almost invariably treated within a few minutes of their occurrence, 
but sprains were quite unreliable. 

* GJ. Gilbreth, " Fatigue Study," London, 1917 : see also " Health of Munition Workers/' London, 
1917, p. 64. 
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Bfeed of Production. —OvA^Mi determinations at a fuze factory were made by niea^iiring the excess electric 
power supplied to tte various sections of the works, and verifying the results by direct enumeration of the 
articles produced. The incidence of accidents showed a qualitative resemblance to the output variations, and 
it was concluded that varying speed of production is the factor largely responsible for the day shift variations 
of accidents in men, and not fatigue. Even in women fatigue is of only moderate importance as a rule. ', 

Though the night shift output followed a similar course to the day shift output, the accident incidence, 
except that of eye accidents, was entirely difierent. It was at a maximum at the beginning of the shift, and 
fell gradually the whole night through to about half its initial value. This was due to the fact .that the night 
shift workers started work in a careless and excited state, and calmed down gradually during the night. 

At the other factories, whsre 6, 9.2, and 15 inch shells were made, there was very little hourly variation 
in the speed with which the operations on these shells were performed, and in correspondence therewith the 
hourly incidence of accidents incurred by tne day shift was fairly steady. The night shift accidents dwindled 
rapidly the whole night through, because of the psychical factor. 

The diurnal variations of accidents at the fuze factory generally corresponded with the output variations,, 
as both rose to a maximum in the middle of the week and declined at the end of it. 

The monthly variations of accidents at the fuze factory corresponded with output variations, for the- 
accidents increased gradually about 40 per cent., whilst the hourly output at the same time increased 30 per 
cent. 

Fatigue. — The influence of fatigue on accidents to women was strikingly shown at the fuze factory when; 
the operatives were working a 12-hr. day, or 75 hours a week. The women's accidents were two and a half, 
times more numerous than in the subsequent 10-hr. day period, but the men's accidents showed no difference. 
Also the women were treated for faintnsss nine times more frequently than the men, and were given sal-volatilej 
23 times more frequently, whereas in the subsequent 10-hr. day period they were treated for faintness and 
given sal- volatile only three times more frequently. 

Psychical Influences. — At all the factories the night shift workers suffered fewer accidents than the day shift 
workers, the average defect being 16 per cent. This was not due to the output being smaller,' as at the fuze 
factory it was distinctly bigger by night than by dajr. It was psychical in origin, and (^-^e to the night shift, 
workers settling down to a calmer mental state than the day shift workers, and so becofeiing less careless and 
inattentive. The psychical factor is one of the most important in accident causation. 

Alcohol Consumption. — Indirect evidence as to the efiects of alcohol consumption on a(3cidents. was 
obtained. i 

Lighting. — Accidents due to foreign bodies in the eye were Y to 27 per cent, more numerous in the night; 
shift than in the day shift, though all the other accidents were considerably less numerous. This was due to 
the artificial lighting, as the excess of eye accidents was most marked in the worst lit factory. ; 

Temperature. — The temperature at the fuze factory was recorded continuously for six months by means 
of a thermograph. Accidents were at a minimum at 65°-69° F., and increased rapidly at higher temperatuTjes 
(e.g., by 30 per cent, at temperatures above 75°), and slowly at lower temperatures. Continuous records were 
obtained of the external temperature of the town in which the shell factories were situated, and it was found that 
in all of them the accidents increased considerably as the weather grew colder, and diminished as it grew 
warmer. In one factory the women's accidents were nearly two and a half times m.ore numerous when the 
temperature was at or below freezing point than when it was above 47°, whilst the men's accidents were twicp, 
as numerous. 

Prevention of Accidents. — Accidents are very largely due to carelessness and inattention, so they could be 
diminished by preventing the workers from talking to one another in the shops. 

It was foimd that the women suffered twice -as frequently as the men from sprains, and were especially.; 

:liable to wrist sprains at the fuze factory, as they had not sufficient strength to push home the clamping leveEi 

of the lathes. The women at the sheU factories suffered nearly four times more burns than the men, chiefly 

from hot metal turnings. Hence the sprains could be reduced by alterations of machinery, and the burns, by 

protecting the hands. ^ 

t 

H. M. Vernon. 
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